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xABSTRACT
Potential toxic metal (Zn, Cd, Pb, Cu) contamination of groundwater at the periodically
flooded DePue Dredged Sediment Disposal Area (DSDA), was assessed through the collection
of groundwater and soil samples and water level data, geochemical modeling, and leaching and
microcosm experiments. The median Zn concentrations in groundwater at three locations were
between 2 and 5 mg/L. There was no evidence that contaminated groundwater has migrated off-
site. Based on lake-sediment and soil data, the order of decreasing mobility in the site
groundwater was Zn > Cu > Cd > Pb.
Small amounts of Zn and Cd (< 2%) were leached from soil samples inside the DSDA in
leaching experiments. About half of the dissolved Zn and Cd from groundwater samples can be
accounted for by leaching, suggesting desorption was a major control for Zn and Cd. Chemical
equilibrium calculations indicated that several reactions, including CdCO3 precipitation,
coprecipitation of Zn with CaCO3, and sorption to ferric oxide, may retain the metals in the
subsurface.
Aqueous Zn concentrations were greatest in aerobic microcosms, lowest in
sulfate-reducing microcosms, and intermediate in iron-reducing microcosms. Zinc would thus be
expected to be most mobile in DePue soils during the early stages of flooding, when the soils are
saturated but before conditions become anaerobic.
1INTRODUCTION
Problem Description
Lake DePue is a 300-acre backwater lake located along the north bank of the Illinois
River approximately 12 miles down-river from LaSalle-Peru in Bureau County, Illinois.
Sediments in the lake are contaminated with heavy metals (Cahill and Steele, 1986). In 1982, the
northern portion of the lake was dredged to create an oval channel to accommodate power boat
racing. The dredged sediments (~450,000 yards3) were pumped into a diked sediment disposal
area (DSDA) on a broad peninsula located along the southeast bank of Lake DePue between the
lake and the Illinois River (Sections 1 and 2, T15N, R10E, Bureau County, figure 1). As is
typical for floodplain areas adjacent to backwater lakes, this peninsula is quite flat and low-lying
and often floods naturally when the Illinois River is high. The DSDA property is owned by the
Illinois Department of Natural Resources (IDNR) and the area within the dikes are planted with
corn and other crops to attract migratory waterfowl for hunting. The diked areas are flooded
annually in the fall by IDNR property managers to induce the waterfowl to land.
Analyses of numerous samples of the sediments within and adjacent to the DSDA show
elevated concentrations of heavy metals. Of particular concern are zinc (Zn), cadmium (Cd),
copper (Cu), and lead (Pb). Analyses of sediments and soils in the DSDA performed by the
Illinois State Geological Survey (ISGS) in 1995 revealed total Zn concentrations ranging from
490 to 11,500 ppm, total Cd from 6 to 173 ppm, total Pb from 90 to 1900 ppm, and total Cu from
57 to 535 ppm, all far in excess of typical background concentrations for Illinois soils (Barnhardt 
et al., 1995). These metals are potentially toxic to biota, and their possible release out of the soils
is thus of concern.
The mobility of metals in the environment is strongly influenced by the chemical
conditions of the supporting medium. During the course of a year, the soils and disposed
sediments at the Lake DePue site undergo significant changes in chemistry. When soils are
flooded, significant chemical changes occur, most particularly converting from oxidizing to
reducing conditions. During periods of inundation, the movement of oxygen in soils is severely
limited by diffusion constraints and reduction by microorganisms in the soil (McKee and
McKelvin, 1993). Metals are typically more mobile under mildly reducing conditions (reduction
of Fe and Mn oxides, no sulfate reduction) than under oxidizing conditions. The cycling in
oxidation-reduction (redox) conditions may also be reflected in the saturation indices of
representative minerals. Immediately after flooding, the pore water may be undersaturated with
respect to Zn- or Cd-containing minerals because the concentrations of Zn and Cd in Illinois
River water are much lower than in DePue groundwater. This disequilibrium could potentially
promote dissolution of these minerals and increase Zn and Cd concentrations in the water.
Microbial respiration may reduce some of the abundant sulfate to sulfide and the water would
then become oversaturated with respect to sulfide minerals. Metals in solution might then be
precipitated out as sulfide phases.
 
2Figure 1. Location of DSDA study area near Depue, Illinois.
  
3Metal mobility also could be affected by physical changes that occur during flooding.
Groundwater flow gradients are likely to be greater during flooding, increasing the potential for
solute transport.
Objectives
The goal of this project was to examine groundwater conditions in the vicinity of the
DSDA and determine if groundwater could be a conduit for toxic metal contamination of
surrounding ecosystems. Toxic metals are generally immobile in most soil environments.
However, frequent flooding at this site would be expected to affect environmental conditions,
and potentially increase the mobility of metals in the saturated soil and groundwater.
Specifically, it was hypothesized that metal mobility and transport would be enhanced by (1)
hydraulic conditions caused by flooding, and (2) the change from oxidizing to reducing
conditions that would be expected during flooding.
Background
Metal Toxicity
The major concern with metals in soils is their potential toxicity to all levels of biota.
Heavy metals tend to persist in topsoil, and can cause problems such as phytotoxicity, injury to
soil microorganisms, or be transferred up the food chain. Heavy metal contamination has been
shown to have significant negative effects on the activity and structure of soil microbial
communities (Kelly and Tate, 1998; Konopka et al., 1999). The form the metals are in can affect
toxicity; e.g., metals bound to solid-phase sulfide are nontoxic to aquatic biota (Di Toro et al.,
1992). Sludge-amended soils can cause reduction in crop yields due to phytotoxicity of metals,
particularly Cd and Zn (Berti and Jacobs, 1996). Many plants readily take up metals from soils,
and these metals can then be passed up the food chain as plants are consumed. Plant uptake of
metals from soils has been exploited at some contaminated sites, a growing field of study known
as phytoremediation (Kayser et al., 2000).
If metals are leached to groundwater, then drinking water can also become a source of
toxicity to humans. The U.S. Environmental Protection Agency (USEPA) has set maximum
contaminant levels for many heavy metals, including Zn (5000 µg/L) and Cd (5 µg/L). Action
levels have also been set for Pb (15 µg/L) and Cu (1300 µg/L). 
Metal Mobility
The mobility of heavy metals in subsurface environments is controlled by physical,
chemical, and biological processes. Physical processes include flow through porous media and
preferential flow through macropores. Chemical processes include adsorption/desorption and
mineral dissolution/precipitation (McBride, 1989). Biological processes include uptake by
microorganisms and microbially mediated redox reactions which indirectly affect chemical
processes.
Adsorption is an important process affecting transport of heavy metals in the subsurface,
and is controlled by the nature of the solid phase and solution chemistry. Aluminum, iron, and
manganese oxides, which are ubiquitous in soils and sediments, can significantly affect the
4mobility and bioavailability of many heavy metals (Jenne, 1968; Trivedi and Axe, 2000).
Materials that readily adsorb metals, such as aluminum (Al) treated montmorillonites, have been
proposed as promising remediation techniques (Lothenbach et al., 1999). Metal retention by
hydrous ferric oxide follows the general order: Pb $ Cu o Zn > Cd (Martínez and McBride,
1999). Soil organic matter (OM) contains sulfur, oxygen, and nitrogen functional groups, which
can strongly bind heavy metals. Cadmium is a weakly sorbing cation, but its solubility may be
limited by sorption to organic matter or sulfide minerals (Bostick et al., 2000).
Adsorption of metals to mineral surfaces is affected by several factors, including the
minerals present, complexation of the metals and pH. In batch experiments, Plassard et al. (2000)
observed that Cd, Pb, and Zn were completely bound by soil, mostly to the acid-soluble fraction;
the exchangeable fraction was of minor importance. Soluble Pb and Cd were mainly in carbonate
complexes, while Zn was mainly in hydroxide and carbonate complexes. Increases in metal
content led to weaker retention. Organic matter decomposition can lead to increases in metal
availability (Martínez and McBride, 1999). Elevated concentrations of DOC may enhance
mobility of heavy metals such as Zn and Cd, directly proportional to the effect of complexation
by DOC (Christensen and Christensen, 1999). Adsorption generally increases with increasing
pH. Copper and Zn are highly sorbed in sandy aquifers at pH > 6, but Zn can be mobile at lower
pH (Christensen et al., 2000). Sauvé et al. (2000) estimated metal sorption behavior by
calculating linear distribution coefficients (Kd) and metal concentrations for Cd, Cu, Ni, Pb, and
Zn based on soil pH, OM, and total metal content from over 70 published studies. They found
that Kd values increase with increasing pH and are best predicted using empirical linear
regressions with pH and either soil OM or total metal concentration.
Physical processes such as preferential flow can allow more rapid transport than
expected, as Plassard et al. (2000) observed in column experiments. Colloids can also increase
transport of metals. Colloids are more mobile in near-saturated soils; as soils dry, greater salt
concentrations and particle interactions increase mobile-particle sizes and thus increase the
degree of possible physical filtration (Noack et al., 2000). Jensen et al. (1999) found that Cd,
nickel (Ni), Zn, Cu, and Pb in groundwater contaminated by anaerobic leachate were primarily
associated with colloids and dissolved organic carbon (DOC). Cadmium, Ni, and Zn were
generally <50% colloidal, Cu 86-95%, and Pb 95-99%. Zinc colloids were primarily inorganic,
the rest primarily organic colloids. Dissolved Cd, Cu, and Pb were mainly associated with DOC,
Ni with carbonates, and Zn with carbonates and as free Zn2+. Most colloids were < 0.40 µm, and
would pass through a standard groundwater filter.
Heavy metals are often sequestered in mineral phases, mainly as sulfides, oxides, or
carbonates. Ferrous (Fe(II)) sulfide (FeS, mackinawite), primarily produced through microbial
sulfate reduction, can scavenge metals and remove them from solution (van den Berg et al.,
1998; Coles et al., 2000). A study of Lake DePue sediments indicated that the dredged materials
probably came from a part of the lake where the Zn was primarily found in sulfur moieties
(Webb et al., 2000). Iron reduction can cause Zn to be immobilized in a new mineral phase,
presumably incorporated into magnetite crystallites (Cooper et al., 2000). Carroll et al. (1998)
found that zinc was preferentially partitioned into secondary zinc hydroxide or iron
5oxyhydroxide in sediments of streams and ponds draining mines, but in the same sediments
cadmium was not; Cd was most mobile because it dissolved from sulfide and was taken up by
calcite only in waters with pH > 7. Lead was extremely insoluble in these sediments. Cadmium
solubility may be limited by formation of cadmium phosphate, carbonate, or sulfide (Bostick et
al., 2000).
Metals differ from one another with respect to their tendency to precipitate in sulfidic
sediments, mainly due to differences in ligand exchange reaction kinetics and redox reaction
pathways (Morse and Luther, 1999). Lead, Zn, and Cd have faster water exchange reaction
kinetics than Fe(II). As a result, Pb, Zn, and Cd sulfide phases may precipitate prior to FeS.
Cobalt (Co) and Ni react more slowly, and thus are incorporated into FeS and eventually pyrite
(FeS2). However, metals whose sulfides are less soluble than FeS rapidly displace Fe from FeS
(Coles et al., 2000; Morse, 1995). Such metals, including Cd, Zn, Pb, and Cu, may coprecipitate
with FeS instead of forming separate sulfide phases. Aging of precipitates leads to decreased
metal solubility; however, the residual solubilities of free Cd, Cu, and Zn in soils can still be
high enough to reach phytotoxic values (Martínez and McBride, 1999). 
Flooding of soils can cause changes in chemical conditions that affect metal behavior,
notably changes in redox conditions and pH. Redox conditions can strongly control metal
solubility. In oxygenation experiments, Zn in anaerobic sediments was released into solution and
it and other metals were redistributed in the solid phase from organic and sulfidic fractions to
non-crystalline fractions (La Force et al., 1999). The concentrations of dissolved Fe, manganese
(Mn), Zn, Cd, Cu, and Pb varied seasonally in estuarine soils in response to changing redox
conditions (van den Berg et al., 1998). Metal concentrations were lowest when the soils had been
inundated and sulfate reducing conditions established, causing the metals to precipitate as
sulfides. Metal concentrations were highest when water levels were low and the soils became
oxic, resulting in oxidation of the metal sulfides and release of metals into solution. Solution pH
generally increases initially in an inundated soil, often followed by a slight decrease after several
weeks (Lindsay, 1979). The pH is strongly influenced by the iron chemistry. If sufficient iron is
present, both acidic and alkaline soils tend to be neutralized (Ponnamperuma, 1972). Drainage of
the soil and subsequent re-oxidation tends to reverse this process. 
Soils Amended with Metal-Rich Sediments or Sludge
Sewage sludge, which typically has elevated concentrations of heavy metals, has long
been used as a soil amendment. Soil and groundwater chemistry can be markedly affected by
sludge applications. For example, in areas where sewage has been applied for many decades,
soluble Zn can be close to 1% of total Zn in soil (Grunewald, 1994; Marschner et al., 1995), and
groundwater has become contaminated with Cd below sludge-treated soil (Mühlnickel et al.,
1989). Leaching of metals in sludge-amended soils can be rapid. Sidle and Kardos (1977)
reported 6.6, 3.2, and 0.3% of total applied Cd, Zn, and Cu, respectively, in liquid sludge quickly
leached below 120 cm in a forest soil. Preferential flow paths can lead to significant metal
leaching without markedly increasing the average metal concentration in the subsoil (Sidle and
Kardos, 1977; Camobreco et al., 1996). As a result, laboratory-determined sorption values for
metal adsorption in sludge-amended soils may grossly overestimate retention (Persicani, 1995;
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beneath a sludge amended soil, due to complexation with OM (Darmody et al., 1983). The
investigators observed greater movement of Cu compared to Zn which they attributed to Cu
being more strongly complexed.
A number of studies have investigated the long-term behavior of metals in sludge
amended soils. In some long-term studies, up to half of sludge-applied metals could not be
accounted for (Chang et al., 1982; Williams et al., 1987; McBride et al., 1997; Steenhuis et al.,
1999). Sludge contains large amounts of OM, and its degradation could release metals into
solution due to decreased metal adsorption capacity and changes in the chemical forms of the
metals in soil (McGrath and Cegarra, 1992). In addition, elevated soluble OM can persist for
many years and increase the mobility of toxic metals (Gerritse et al., 1982; Christensen, 1985;
Camobreco et al., 1996). Singh et al. (2000) subjected dredged sediments to simulated rainfall.
Both surface runoff and percolating water exceeded the Netherlands A reference values for
groundwater quality. They observed high metal fluxes for recently oxidized sediments. Metal
transport was two to twenty times greater for percolating water than for runoff.
The extractability of metals has been the focus of several studies. A long term study
suggests that long after sludge application has ceased, the extractability and bioavailability of Zn
and Cd, usually the most bioavailable heavy metals of sludge origin, did not decrease (McGrath
et al., 2000). Singh et al. (1996) grew rye grass on soils collected from dredged sediment
disposal areas and extracted the soils with five extractants. The correlations between extracted
Cd, Mn, and Zn concentrations and plant metal concentrations were significant for four of the
extractants. The correlations for Cu and Pb were weak for all extractants. Tack and Singh (1998)
repeatedly extracted soils from dredged sediment disposal areas with simulated rain. For soils
that were allowed to dry between applications of water, dissolved metal concentrations varied
randomly. For soils that were continuously wet, reducing conditions were established and then
dissolved metal concentrations remained lower than in the wet/dry soils. Singh et al. (1998) used
a sequential extraction procedure to characterize the metals in dredged sediment-derived soils.
The metal fractions were operationally defined by the use of increasingly aggressive reagents.
For all soils considered, a large fraction of all metals was extractable. That is, the “residual”
fraction, the metals remaining in the solid phase after the last extraction and the fraction that is
least likely to be bioavailable, was small.
7METHODS
Geologic Core Sampling and Monitoring Well Construction
Monitoring wells were placed in and around the DSDA for several purposes: a)
collection of geologic core samples for physical and chemical analyses, b) collection of
groundwater samples, and c) collection of groundwater level data from which groundwater flow
directions and hydraulic gradients were determined.
Eighteen locations were selected to place monitoring wells both within the DSDA,
immediately adjacent to the DSDA, and areas generally surrounding the DSDA (figure 2). A
total of 45 wells were installed at the 18 sites. Single 15-foot deep wells were installed at Sites 1
- 4 and 18 to assess “background” groundwater quality and to provide groundwater elevation
data for surface contour mapping. Well nests within and immediately adjacent to the DSDA
(Nests 5 - 17) contained vertically distinct monitoring points to examine vertical differences in
groundwater quality and groundwater elevation. Wells were installed in nests of two wells
(separate holes approximately 1m apart) to depths of 5 and 10 feet at seven locations
immediately outside the DSDA (Nests 5 - 11) and in nests of three wells (separate holes in a
straight line, approximately 1m apart) to depths of 5, 10, and 15 feet at six locations inside the
DSDA (Nests 12 - 17).
All wells were constructed using the Illinois State Geological Survey (ISGS) Geoprobe®.
The Geoprobe® is a hydraulically-powered soil probing machine that utilizes static force and
percussion to advance small-diameter sampling tools into the subsurface for collecting soil core 
and groundwater samples.
The first 24 monitoring wells were constructed inside the DSDA between September 25
and October 3, 1997. Four monitoring wells were constructed at each of the six sites (Nests 12 -
17) within the DSDA. Three of the four wells were constructed with 1.25-inch ID
polyvinylchloride (PVC) nested at depths of 5, 10, and 15 feet. The fourth well at each site was
constructed with 1.25-inch ID stainless steel (SS) completed at a depth of 5 feet. The screened
interval for each well was 2.5 feet. The remaining 21 wells were constructed around the outside
of the DSDA during the period August 17 - 21, 1998. Sixteen wells were placed at seven sites
(Nests 5 - 11) immediately outside the DSDA. Two monitoring wells at each site were
constructed with 1.25-inch PVC nested at 5 and 10 feet depth. A third 5-foot deep, 1.25-inch SS
monitoring well was built at Nests 7 and 10. The screened interval was 2.5 feet. Five
“background” wells were constructed at sites 1 - 4 and site 18. These five wells were constructed
of 1.25-inch PVC to a depth of 15 feet with 10-foot screened intervals to intercept the water
table. Construction details for all wells are provided in appendix A.
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Figure 2. Map of DePue DSDA showing the locations of single well sites (Sites 1 - 4 and 18), 
2-well nests (Nests 5 - 11), and 3-well nests (Nests 12 - 17).                         
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9The following general procedures were used to construct monitoring wells using the
Geoprobe®. First, a hole was cored to the desired depth using a Macro-Core® soil sampler. The
Macro-Core® sampler consisted of a four-foot long SS 2-inch OD tube that held a removable
polycarbonate liner for core sample collection and retrieval. To obtain depth-discrete samples
from depths greater than 4 feet, a locking piston was fitted into the core’s cutting shoe, thus
obstructing the open end of the sampling tube (Kejr Engineering, Inc., 1995). The sampling tube
was thus kept free of material that might have been scraped off the hole sidewall or that might
have sloughed off the sidewall into the bottom of the hole. With the piston in-place, the Macro-
Core® sampler was lowered or pushed to the desired depth (e.g., the hole bottom). The piston
then was unlocked by means of a “key” manipulated down-hole from land surface, freeing the
movement of the piston inside the sample tube. As the tube was advanced, the piston was pushed
up as core sample entered the sample tube liner from the next sample depth interval. Successive
four-foot samples were collected until the desired hole depth was reached. Because the Macro-
Core® sampler was used to create the initial hole for each well, geologic core samples were
collected from each hole during well construction. Penetrations inside the DSDA were typically
to 20 feet; the greatest depth of penetration was 24 feet at sites 15 and 17. Outside the DSDA,
penetrations were to depths just beyond the depth of well completion, 12 feet for sites around the
outside of the DSDA (sites 5 - 11) and 16 feet for background sites along the river (sites 1 - 4) or
on the entrance road (site 18). Detailed descriptions of the cores were made at the Waste
Management Research Center (WMRC) facility and are reported in appendix B. 
The hole diameter created by the Macro-Core® sampler was approximately 2 inches. To
create a hole large enough to handle 1.25-inch ID casing (~ 1.7-inch OD) and allow ample room
to place gravel-pack and bentonite in the hole annulus, the hole needed to be enlarged to at least
4 inches in diameter. This was done in two successive steps by sequentially driving and
retrieving solid steel conical points of 3-inch and 4½-inch OD to the desired well depth. 
When the hole was competent to stay open on its own, a well was quickly assembled by
screwing together appropriate numbers of 2.5-foot lengths of screen (0.010-inch slot) with
appropriate numbers of 5-foot long sections of casing, and lowering the assembly to the bottom
of the hole. The bottom of the annulus was filled with sand-pack (e.g., Global Drilling Supply
No. 5 silica sand) to a depth approximately 6 inches above the top of the screen. Measurements
of hole depth were made to assure the sand-pack properly filled the annulus to the desired depth.
This was followed by granular bentonite to fill the remainder of the hole. A 4-inch square
lockable aluminum well protector was then placed over the well.
Many of the 10- and 15-foot deep holes would not remain open on their own. Expansion
of the silty clay materials encountered inside the DSDA would often shrink the diameter of the
hole, making it difficult to place the 1.25-inch diameter well materials and leaving virtually no
room for placement of sand-pack or bentonite seal. When the hole would not remain open, a 3-
inch PVC conical male well “point” was loosely affixed to 3-inch OD hand-slotted PVC casing
and pushed or driven to the desired depth. This large casing served to hold the hole open for the
1.25-inch casing and screen and provided ample room for placement of the sand-pack and
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bentonite seal. The 3-inch casing was slotted in the event that it could not be retrieved, but this
never proved to be a problem. 
Once the 3-inch casing was driven to depth, it was retracted a few inches and the conical
well point was popped off by dropping Geoprobe® drill rods down through the top of the 3-inch
casing. Then, the 1.25-inch casing and screen were placed in the hole and the 3-inch slotted
casing was carefully retracted approximately 6 inches to 1 foot, leaving the 3-inch well point in
the bottom of the hole in contact with the bottom of the 1.25-inch screen. Sand-pack material
was immediately introduced to just fill the hole beneath the retracted 3-inch casing. The process
of retracting the 3-inch casing and filling the remaining hole with sand-pack or bentonite was
repeated until the 3-inch casing was fully removed from the hole. As before, sand-pack was
placed to 6 inches over the screen followed by bentonite to land surface. A 4-inch square
lockable aluminum well protector was then placed over the well.
Construction details for each well are provided in appendix A. The depth to the top of the
sand-pack was not field-recorded for Wells 12-5P and 13-15P and thus could not be reported,
although the procedure followed for these wells was the same as for all others and depths should
be very similar to the other wells. Well numbering is as follows: Site/Nest Number (1-18) -
Depth (5, 10, 15) Casing Type (P for PVC, S for SS). Thus, for example, the 5-foot deep PVC
well in Nest 11 is called Well No. 11-5P. 
Geologic Core Description
As previously mentioned, geologic cores were collected inside of 4-foot long
polycarbonate liners held inside a Macro-Core® sampler. After the liner containing a core was
removed from the sampler, the ends of the liner were capped with butyl rubber end caps, and the
length of the core was measured. Because the 4-foot long liners would not readily fit into
standard-sized coolers, the liners were often cut in half and labeled with an “a” on the top half
and a “b” on the bottom half. After labeling, the cores were kept on ice for transport to the
laboratory where they were kept refrigerated for later description and analysis. 
A summary of core descriptions is presented in appendix B. To conduct the descriptions,
a set of cores representing the most complete range of depths sampled for each well site were
assembled and laid out on a lab bench. The polycarbonate liner was sliced lengthwise and the
core carefully removed. The core was visually examined for texture, color (using Munsell color
chart), and other physical characteristics. Measurements (in centimeters) of the interval being
described from the top of the core were also recorded. To ease interpretation, the depth, in feet
from land surface, of the bottom of the interval being described was calculated and is presented
in appendix B. The core then was divided into discrete sections consistent with the visual
descriptions. Each core section was split longitudinally, separating the two halves as replicate
samples. Each replicate half was wrapped in plastic wrap to produce an intact seal and the two
halves were placed into labeled zip-lock bags for preservation in the WMRC cold storage (4NC)
room.
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Surveying Groundwater Level Measuring Points
All monitoring wells were vertically surveyed with the ISWS global positioning system
(GPS) and with conventional optical equipment. The GPS provided horizontal positions in
standard map coordinates which were plotted on Geographical Information System (GIS)
mapping systems. The ISWS Leica System 200 GPS was capable of providing sub-centimeter
horizontal and vertical accuracy. Optical “level” surveying was most useful for determining
relative elevations of monitoring points close to one another (e.g., comparing the elevations of
the tops of casings of the monitoring wells around the DSDA). Complete surveying data are
reported in appendix C.
Monitoring Groundwater and Surface Water Levels
The elevation of the Illinois River near the DSDA (river mile 213) was interpolated from
U.S. Army Corps of Engineers (USACE) stage data at LaSalle (river mile 224.7) and Henry
(river mile 196.0). Because Lake DePue is directly connected to the Illinois River, the lake was
assumed to be the same height as the river. These two connected surface water bodies were used
as boundaries for contouring of the groundwater elevation data. River stage data were
downloaded from the USACE website (http://www.water.mvr.usace.army.mil/).
Groundwater level information was collected from monitoring wells during 13 separate
site visits. However, complete water level data from all monitoring wells were collected during
only five events, after completion of monitoring well installation in August 1998. The five dates
when complete groundwater level data were collected are October 1998, July 1999, September
1999, December 1999, and August 2000. Water level data collected between September 1997
and July 1998 were limited to wells inside the DSDA because wells outside the DSDA were not
constructed until July, 1998. Due to extremely wet field conditions in February, 1999, collection
of water level data during that sampling trip was limited to the wells inside the DSDA. Flooding
around Nest 7 prevented collection of water level data at that nest in December 1999. Inadvertent
destruction of Nest 9 in the summer of 2000 prevented measurements from those wells in August
2000.
Groundwater level data collected during any trip to the DePue site were compiled in a
spreadsheet (appendix D). The spreadsheet also was used to calculate groundwater elevations
from observed depth-to-water measurements by subtracting the observed depth-to-water from
the elevation of the top of the well casing.
Groundwater surface maps were created from data collected during the five complete
measurement events. To be consistent, allow temporal comparisons, and avoid problems caused
where vertical hydraulic gradients existed, each map was prepared using water level data only
from the 10-foot deep wells at each nest plus the 15-foot deep background wells (at Sites 1-4 and
18). Wells 1-15P, 2-15P, 3-15P, 4-15P, and 18-15P contain well screens that are 10 feet long, so
water levels in these wells should reasonably reflect water levels encountered in the 10-foot deep
wells.  Further, vertical gradients rarely exceeded one foot, so contour maps prepared using
different depth wells but contoured on 1-foot intervals would not be materially different. As
mentioned previously, the elevation of the Illinois River was interpolated from USACE stage
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data at LaSalle and Henry. Because Lake DePue is directly connected to the Illinois River, the
lake surface was assumed to be the same elevation as the river. These two connected surface
water bodies were used as boundaries for contouring of the groundwater elevation data.
For dates when the DSDA area was dry (July 1999, September 1999, and August 2000),
contouring was performed with Surfer® version 7 (Golden Software, Inc., 1999) using the
kriging algorithm for data point interpolation (gridding). For dates when the diked area was
flooded (October 1998 and December 1999), the groundwater surface was manually contoured
and then digitized for graphical display. The reason for manual contouring surfaces for flooded
conditions relates to the limitations of point data to describe the flooded surface configuration.
The contouring software can only interpolate between the available point data and cannot
distinguish between points inside and outside the DSDA. Without many more data points
(perhaps a dozen or more) to describe the groundwater levels inside and outside the known
boundaries of the dike configuration, computer-assisted contouring simply cannot adequately
describe those known conditions. Therefore, the software cannot interpret how surface flooding
within individual diked cells will influence the groundwater surface between points across the
DSDA from one another. Further, if water level measurements were taken while flooding
operations were ongoing (i.e., while pumping of river water into the DSDA was taking place),
such as in October 1998, then conditions were not in equilibrium in regard to surface water
elevations and, therefore, were certainly not in equilibrium in regard to groundwater elevations.
While the hand-drawn contour maps for October 1998 and December 1999 are subject to
interpretation, an attempt was made to realistically draw the groundwater contours based upon
knowledge of the dike configurations and surface flooding operations. After the surface of the
DSDA dried out, the underlying groundwater surface was no longer influenced by surface
inundation, and interpolation of data between points inside and outside the DSDA is again valid.
Continuous monitoring of water levels using pressure-transducers (5 psi range) connected
to a datalogger was conducted at Nest 12 in the fall of 1999 to provide a continuous record of
water levels during a flooding event. Transducers were placed in wells 12-5P, 12-10P, and 12-
15P. A fourth transducer was placed in a stilling well attached to one of the well protectors to
measure surface water elevation. Water level measurements were made every 10 minutes from
September 16 to December 1, 1999, and recorded on a datalogger. The 5 psi pressure range
converts to 11.5 feet of water (2.3 feet H2O per psi) and with an accuracy of ±0.1%, water level
measurement accuracy was ±0.01 feet. 
Well Sampling
Water samples from the groundwater monitoring wells were collected under dry and
flooded conditions. Because access roads were frequently impassable due to poor drainage,
sampling events were limited to eight times during the project period (table 1).
After a water level measurement was made, a dedicated length of Teflon® tubing was
inserted into the well and water pumped through a flow cell using a peristaltic pump. A new 
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Table 1. Wells sampled during each sampling event
(sampled wells identified by depth, in feet and blanks indicate well(s) not sampled)
Well
Nest
Oct-97
Dry
Oct-97
Flooded
Jul-98
Dry
Sep-98
Dry
Oct-98
Flooded
Feb-99
Flooded
Jul-99
Dry
Dec-99
Flooded
12 10,15* 5,10,15 5,10,15 5,10,15 5,10,15 5,10,15
13 10,15* 10,15* 5,10,15 5,10,15 5,10,15
14 10,15* 5,10,15 5,10,15 5,10,15 5,10,15 5,10,15
15 10,15* 5,10,15 5,10,15 5,10,15 5,10,15
16 15† 5,10,15 5,10,15 5,10,15 5,10,15 5,10,15
17 15† 5,10,15 5,10,15 5,10,15 5,10,15 5,10,15
5 5,10 5,10 5,10
6 10* 5,10 5,10
7 5,10 5,10
8 5,10 5,10 5,10
9 5,10 5,10 5,10
10 5,10 5,10 5,10
11 5,10 5,10 5,10 5,10
1 15 15 15
2 15 15 15
3 15 15 15
4 15 15 15
18 15 15
* 5 ft well was dry, no samples collected.
† 5 and 10 ft wells were dry, no samples collected.
length of silicone tubing was used in the pump for each well for each sampling trip to avoid
cross contamination (Horowitz et al., 1994). The flow-through cell was attached to a Hydrolab®
multisonde, which had probes for temperature, pH, oxidation-reduction potential (ORP), specific
conductance, and dissolved oxygen. The probes were calibrated prior to each sampling event.
Samples were taken in pre-labeled bottles once the probe readings had stabilized, usually
within 10 minutes. Filtered samples from all wells were taken for dissolved metals, dissolved
anions, alkalinity, hydrogen sulfide, ammonium-nitrogen (NH4+-N), and NVOC. Table 2
presents the container materials and preservatives. The preservatives were added to the
containers before each sampling trip. The acid preservative for metal samples was added in a
class-100 clean bench. All samples except for NVOC were passed through a 0.45 µm large-
capacity filter capsule. Unfiltered metal samples were taken for every other well. Samples were
stored in a cooler for transport back to the analytical laboratories.
 Occasionally there was insufficient water to fill all of the sample bottles. When this
occurred, the well was allowed to recover for up to 15 minutes and re-sampled. Sample bottles
were filled in the order listed above; if after recovery there was still inadequate sample volume,
then one or more of the latter sample bottles were not filled. For approximately every tenth well
sampled, duplicate samples were collected. A chain of custody sheet was filled out and
accompanied each sample through the analytical procedure.
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Table 2. Sample containers and preservatives
Analyte (group) Sample Container Field Treatment/Preservative HoldingTime
NVOC 125 mL amber glass bottle H2SO4, pH < 2, 4EC 30 d
dissolved anions 500 mL HDPE bottle filter, 4EC 48 hr
dissolved metals (filtered) 250 mL HDPE bottle, acid washed filter, HNO3, pH < 2, 4EC 6 mo
dissolved metals (unfilt’d) 250 mL HDPE bottle, acid washed HNO3, pH < 2, 4EC 6 mo
alkalinity (as CaCO3) 60 mL HDPE bottle 4EC 14 d
NH4+-N 60 mL HDPE bottle filter, H2SO4, pH < 2, 4EC 28 d
hydrogen sulfide 125 mL glass bottle Zinc acetate, NaOH, pH > 9, 4EC 7 d
Leaching Experiments
Batch experiments were performed to assess the amount of metals dissolved from the soil
by contact with water. Sediment samples that had been previously dried, ground, and sieved (2
mm) by analysts at WMRC for chemical analysis were used in the experiments. Samples from
four different sites, two inside the DSDA (12, 13, and 15) and one outside the DSDA (7), were
used. Samples from three different depths were used from sites 7, 12, and 15 and from one depth
from site 13.
An artificial river water (ARW) with the same pH, alkalinity, and concentrations of major
ions as the Illinois River water the DSDA was flooded with was prepared for use in the
experiments. Approximately 0.08 g MgO, 0.22 g Ca(OH)2, 1.8 mL 1 M H2SO4, and 2.2 mL 2 M
NaCl solution were added to DIW to a final volume of 2 L. The solution was sparged with
compressed, filtered air and 10% CO2 in N2 to a final pH of approximately 7.5.
Prior to preparation of experiments, all experimental glassware and instruments were
autoclaved and the ARW solution was sterilized by passing through a 0.2 µm filter. In one set of
experiments, the ARW was made anoxic by sparging with a mixture of carbon dioxide and
nitrogen gases in a ratio to maintain a pH of approximately 7.5. Approximately 2.5 g of soil
sample from each depth was placed inside a 120-mL amber glass serum bottle. Bottles were
prepared in triplicate. Triplicate controls containing no soil were also prepared. The bottles and
ARW were transferred to a glove box that had been purged with ultrapure N2 gas. Eighty mL of
ARW were then added to each sample bottle, and the bottles were crimp-sealed with Teflon-
faced caps. Once sealed, the bottles were removed from the glove box and placed on a rotary
mixing table. At the end of the mixing period of approximately 6 weeks, samples were taken for
dissolved metals analysis. The bottles were opened and the solution passed through a 0.45 µm
filter into a 60-mL HDPE bottle; 315 µL of concentrated ultrapure HNO3 were added as
preservative and the sample bottles refrigerated until analysis. The length of the mixing period
(i.e., the time needed to reach steady state concentrations) was determined in an preliminary set
of experiments from which weekly samples were collected.
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Microcosms
Dr. Robert Sanford, a microbiologist in the Department of Civil and Environmental
Engineering at the University of Illinois in Urbana-Champaign, was subcontracted to perform a
microcosm study. The objective of the study was to quantify the differences in metal mobility
under three redox regimes: aerobic, iron-reducing, and sulfate-reducing. Four-foot soil cores
were taken using the ISGS Geoprobe® or by hand at four sites inside the DSDA (12, 13, 14 and
16) on September 16, 1999, when the site was dry. The top organic layer of each soil sample was
removed in the laboratory, and the rest of the remaining soil was homogenized by mixing it in a
pyrex dish. The samples were then composited and distributed into 1 L bottles, 500 mL of ARW
was added to the bottles, and the bottles were capped with butyl rubber stoppers.
Two different types of microcosms were prepared: aerobic and anaerobic. The aerobic
bottles were prepared on the bench and anaerobic bottles were prepared in an anaerobic
chamber. The ARW added to anaerobic bottles was purged with nitrogen to strip the oxygen. All
the bottles were stoppered with butyl stoppers. 
The anaerobic microcosms were differentiated by the addition of 0.5 mmol of sodium
sulfate to half the anaerobic bottles to stimulate the growth of sulfate-reducing bacteria (SRB).
The other anaerobic bottles were labeled as iron-reducing and did not have any amendments. In
an anaerobic environment, iron reduction is more energetically favorable than sulfate reduction,
so iron reduction is more likely to be the terminal electron accepting process (TEAP) (Chapelle
and Lovley, 1992). However, if high concentrations of sulfate are present, sulfate-reduction
could become the dominant TEAP.
The aerobic microcosms were kept on the bench on a shaker at ~22oC, so oxygen would
not become limiting. The anaerobic microcosms were kept stagnant in a 25oC incubator. Sterile
controls were prepared for the aerobic and anaerobic bottles by autoclaving.
Slurry samples were taken bimonthly for approximately 4 months from the microcosms
and stored in triplicate 2-mL centrifuge tubes. One hundred µL of sample were taken
immediately and transferred to a centrifuge tube with 500 µL of 0.6N HCl for ferrous iron
analysis. The remainder of the samples were frozen. When time for analysis, the samples were
thawed and passed through either a 0.22 or 0.45 µm filter. The filtered samples were either
preserved with nitric acid for metals analysis and refrigerated or were re-frozen for DOC and
sulfate analysis. Fresh samples were used for most probable number (MPN) testing, plate counts,
sulfide, pH, and hydrogen analysis. A complete description of methods and analytical techniques
used in the microcosm experiments is in appendix E.
Water Analyses
All chemical analyses were done at ISWS analytical laboratories. Metals were
determined using inductively-coupled plasma (ICP) atomic emission spectrometry (USEPA
method 200.7, revision 4.4). The method detection limits (MDL) for the contaminant metals
varied slightly during the study: from 0.008 to 0.011 mg/L for Zn, 0.005 to 0.010 mg/L for Cu,
0.011 to 0.019 mg/L for Cd, and 0.063 to 0.075 mg/L for Pb.  Anions were determined using ion
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chromatography (USEPA method 300.0, revision 2.1). Alkalinity was determined by
potentiometric titration (USGS method I-1030-85). Sulfide was determined colorimetrically
(adaptation of USEPA method 376.2, Chemetrics, Inc., Calverton, VA). Ammonium-nitrogen
was determined by semi-automated colorimetry (USEPA method 350.1, revision 2.0). NVOC
was determined by persulfate/ultraviolet oxidation and infrared detection (USEPA method
415.2). Metals analysis for the microcosm experiments was done by ICP-mass spectrometry
(ICPMS) at WMRC (see appendix E).
Soil Analyses
Soil samples were sent to Key Agricultural Services, Macomb, IL, for determination of
pH and cation exchange capacity. The pH was determined by mixing soil with deionized water
and measuring the pH of the suspension. The cation exchange capacity (CEC) was determined
by mixing 2 g of soil with 20 mL of 1 M ammonium acetate solution, centrifuging/filtering, and
analyzing the filtrate for sodium (Na), potassium (K), magnesium (Mg), and calcium (Ca)
(Warncke and Brown, 1998). 
Total element analysis of soil cores was performed at WMRC. Half gram samples of
dried, homogenized DePue sediments were digested using 5 mL of concentrated nitric acid in a
microwave digestion system. USEPA SW-846 Method 3051 was followed, with the exception
that the microwave system had only pressure control capabilities rather than temperature
monitoring. An ICPMS was used for determination of most elements in DePue sediments. Most
elements were calibrated on the instrument in the range from 1 to 100 g/L. Aluminum, Fe, Mg,
Ca, and Na sodium were calibrated from 10 to 1000 g/L. Over-range sample results were diluted
until results within the calibration range were obtained. Internal standards were used and added
in-line to all standards, blanks, and samples to improve quantitation by minimizing instrument
drift and by correcting for any sample viscosity effects. Internal standards were added to all
standards, samples, and blanks to a constant final concentration (of approximately 100 g/L)
through an in-line T in the sample introduction system of the ICPMS. Mercury was determined
by cold vapor atomic fluorescence detection on an atomic fluorescence analyzer. Digestates of
sediments (microwave digestion described above) were subsequently digested for mercury using
bromine monochloride as described in USEPA Method 1631. As with other instrumental
methods, quantitation was achieved by using calibration standards. 
Statistical Analyses
The non-parametric Mann Whitney rank sum test was used to test for differences
between two sets of water chemistry data. A P value, the probability of being wrong in
concluding that there is a true difference between the two sets of data (Type I error), is
calculated. A significant difference is concluded for P < 0.05. Data sets compared included
inside versus outside the DSDA for both aqueous and soil samples, aqueous samples for different
well depths in the same nest, and filtered versus unfiltered aqueous samples. For the inside
versus outside DSDA data, samples from the 5- and 10-foot wells for July 1999 and December
1999 were tested; these were the most complete data sets. The 15-foot wells were not compared
because the 15-foot wells outside the DSDA had significantly longer well screens (10 ft vs 2.5
ft) and were not located near the DSDA, but were mainly concentrated along the Illinois River.
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A non-parametric test was used because most of the data were not normally distributed
(determined using the Kolmogorov-Smirnov test). The Kruskal-Wallis one way ANOVA on
ranks was used to test for differences among more than two sets of data. A P value is also
calculated using this test, with P < 0.05 indicating a significant difference. Samples collected
inside the DSDA at different sampling events were tested with this method. These statistical tests
were performed using SigmaStat®, version 2.03 (SPSS, 1997). Linear regressions were
performed on some data using SigmaPlot®, version 6.00 (SPSS, 2000).
Geochemical Modeling
The computer program MINEQL+ version 4.1 (Schecher and McAvoy, 1998) was used
to compute saturation indices. The equilibrium constants were from the MINTEQ database,
which was compiled by the U.S. Environmental Protection Agency (Allison et al., 1991).
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RESULTS AND DISCUSSION
Geologic Core Description
Within the DSDA, at sites 12 - 17, the dredge spoil was identifiable as a black clayey silt
with a blocky texture (complete core descriptions are in appendix B). It was most evident within
the upper 4 feet but may be thicker or thinner across the DSDA. The characteristics of the
uppermost materials found at site 16 were quite different than what was found at the other sites.
Three distinct layers of fine to medium sand were encountered between 0.4 and 6.2 feet; no sand
was encountered at such shallow depths at any other site inside the DSDA. Throughout the
inside of the DSDA at depths greater than 4 feet, materials were encountered that are typical of
an alluvial environment. These include numerous interbedded layers of clayey silts, silty clays,
sandy silts, and silty sands with gastropod shells and organic matter found throughout. Outside
the DSDA, similar alluvial materials were found with the exception of the blocky, clayey silt
indicative of the dredge spoil. Clay loam materials were more abundant outside the DSDA but
clayey silts and silty clays predominated.
Surface Water Stage Measurements
Illinois River stage data are in figure 3. Because the study site is a low-lying area located
between the Illinois River and Lake DePue, it is often subject to natural flooding in addition to
the artificial flooding of the DSDA (figure 2). Flooding of land areas around the DSDA is
common, primarily during the late winter and spring. Topping of the DSDA dikes can occur,
such as in May 1998. Natural flooding extended into late July in 1998 and 2000.
Initiation of artificial flooding of the DSDA impoundments typically occurs two to three
weeks prior to hunting season in early October. After that, water is pumped into the
impoundments periodically to keep the water surface near corn ears and wild seed heads until
freezing weather. Impounded water slowly seeps out and evaporates over the course of the
winter. The impoundments typically contain water through the January hunting season into early
summer. Ground surface elevation inside the DSDA is approximately 448 feet, the same as
outside the DSDA. Land surface elevation outside the DSDA along the Lake Depue side is
lower, approximately 444 to 446 feet.
Groundwater Level Measurements
Groundwater Potentiometric Surfaces
Figures 4 - 8 present groundwater surface maps for the five complete measurement
events (October 1998, July, September, and December 1999, and August 2000). Several minor
groundwater level data discrepancies were examined as the maps were prepared. One
discrepancy involved the groundwater elevation in Well 17-10P used for the July 1999 surface
map, figure 5 (Well 17-10P is in Nest 17, see page 10 for well nomenclature and figure 2 for
well location). The elevation computed from field data was 441.85 feet (see appendix D). This
elevation is three to four feet lower than the elevations computed for that date (July 20, 1999) for
all the other wells used to prepare the map except the four wells (1-, 2-, 3-, and 4-15P) along the
Illinois River. That elevation is also significantly lower than the water elevations computed for 
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Wells 17-5S and 17-5P. Water level depths of 1.694 meters (5.56 feet) and 1.554 meters (5.10
feet) measured in 17-5S and 17-5P, respectively, converted to elevations of 445.20 feet and
445.17 feet. A check of the depth-to-water measurements made (appendix C) suggested that a 1-
meter error was made when writing the measurements for 17-10P and 17-15P in the field book.
Measured depths recorded in the field book for 17-10P and 17-15P were 2.838 meters (9.31 feet)
and 2.851 meters (9.35 feet) which converted to 441.85 and 441.94 feet, respectively. However,
it seems extremely likely that the measured depths should have been recorded as 1.838 and 1.851
meters for 17-10P and 17-15P. Water surface elevations computed from these two corrected
measurements would come to 445.13 and 445.22 feet, much more in agreement with all the other
wells in the DSDA and much more consistent with the elevations in the other Nest 17 wells.
Therefore, the map presented in figure 5 for July 1999 represents a corrected surface
measurement for 17-10P, even though the data label contains the original elevation.
Other possible measurement errors were found at Well 4, the southwestern-most well
along the Illinois River, for October 1998 (figure 4) and December 1999 (figure 7). On both of
these dates, the water surface elevation appears to be too high in comparison to the other wells
located along the river (over 444 feet versus measurements closer to 441 to 442 feet, figures 4
and 7). It is noteworthy that the two dates when measurement errors may have been made at this
well were periods when the DSDA was flooded. On the other dates, when the DSDA was dry,
the computed water surface elevations agree quite well with the other river wells (figures 5, 6,
and 8). A small surface water outlet from a privately-owned duck club adjacent to the south side
of the DSDA happens to discharge to the Illinois River very near Well 4. It is possible that this
small surface water body has some influence on nearby groundwater levels when it contains
water, which would only occur when the area is flooded. 
These minor data discrepancies have little impact on an interpretation of the influence of
the DSDA on the shallow groundwater levels. The surface maps clearly show that groundwater
levels were higher inside the DSDA than outside, with higher water levels radiating out to lower 
elevations along the Illinois River and Lake DePue. This is the result of a groundwater “mound”
created by recharge from ponded water inside the DSDA. The direction of groundwater
movement, therefore, depends greatly on the specific location of interest. For example,
groundwater movement along the northern boundary of the DSDA was northward toward Lake
DePue while movement was southward toward the Illinois River along the southern boundary of
the DSDA.
The maps also show the higher groundwater levels that occur as a result of flooding in
the fall. During flooding, groundwater levels inside the DSDA approached or were equal to the
surface-water elevations inside the dike. Groundwater measurements taken inside the DSDA
early in the October 1998 flooding operation (figure 4) ranged from 443 to 450 feet due to
differential flooding of separate cells within the DSDA (the cell containing Nests 12 and 13 was
not flooded at the time of observation). Much later in the flooding season, such as December
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1999 (figure 7), groundwater levels were higher and more uniform (449 to 450 feet), and
approaching the flood-surface level across the entire DSDA. 
The drier conditions encountered during July and September 1999 and August 2000
(figures 5, 6, and 8, respectively) caused groundwater levels inside the DSDA to fall to 441 to
444 feet. Even though the ground surface was dry within the DSDA during all three summer
month measurements, the groundwater surface was approximately 2 to 3 feet higher in July 1999
(~444 feet) than in September (~441) and 1 foot higher in July 1999 than in August 2000 (~443
feet). This was likely due to differences in the timing of the drainage of impounded water as a
result of rainfall and Illinois River stage. The July and September 1999 measurements clearly
show the recession in groundwater levels after peak river stages in June (~450 feet) and the
effect that surface water elevations can have on groundwater elevations across the study site
(figure 3).
Horizontal gradients (table 3), determined from the slope of the potentiometric surfaces,
ranged from as low as 0.001 feet/feet (ft/ft) across the entire DSDA in September 1999 (figure 6)
to as high as 0.04 ft/ft near Nest 16 in October 1998 (figure 4). As also reflected by the closeness
in the spacing of the contours, horizontal gradients were nearly always steepest along the north
side of the DSDA, particularly in the vicinity of Nests 10 and 16, suggesting possible greater
movement of water through this area. The predominantly fine to medium sand surficial deposits
found at Nest 16 (see core description in appendix B) may have produced a zone of greater
recharge during flooded periods. During inter-flooding periods, greater recharge of precipitation
also may be induced.
Table 3. Approximate range of horizontal groundwater gradients at the DSDA
Date of measurement and condition
of DSDA
Horizontal gradient range (ft/ft)
North side of DSDA South side of DSDA
October 1998 (flooded) 0.02 - 0.04 0.008 - 0.01
July 1999 (dry) 0.002 - 0.006 0.003 - 0.004
September 1999 (dry) 0.001 - 0.003 ~0.001
December 1999 (flooded) 0.008 - 0.02 0.004 - 0.009
August 2000 (dry) 0.002 - 0.004 0.002 - 0.003
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Vertical Hydraulic Gradients
Water level differences in nested wells denote vertical hydraulic gradients and hence
vertical movement of groundwater at those locations. Because groundwater moves from higher
head to lower head, temporal and spatial changes in vertical flow direction can be determined
from inspection of hydrographs of the nested wells located in and around the DSDA (figures 9 -
12). Reversals in vertical gradients, whereby downward movement may become upward and
vice versa, can be related to surface flooding events. Calculated vertical hydraulic gradients at
nests inside and outside the DSDA are presented in tables 4 and 5, respectively.
The observed vertical gradients generally depict a downward movement of groundwater.
Most typically, a downward vertical gradient was observed between the 5- and 10-foot wells. In
many cases there was no discernible gradient between the 10- and 15-foot wells potentially
indicating either predominantly horizontal flow with little or no vertical component or perhaps
virtually no flow in any direction due to the relatively low hydraulic conductivity of the silty
clay materials present beneath the site.
Table 4. Vertical hydraulic groundwater gradients outside the DSDA
Date of measurement
Vertical hydraulic gradient (ft/ft)*
Nest 6
(5-10')
Nest 7
(5-10')
Nest 8
(5-10')
Nest 9
(5-10')
Nest 10
(5-10')
Nest 11
(5-10')
October 1998 (flooded) -0.001 -0.01 0.001 0.23 -0.001 0.19
July 1999 (dry) 0.001 0.001 -0.002 -0.28 -0.14 0.04
September 1999 (dry) dry well dry well 0.08 0.10 0.14 0.10
December 1999 (flooded) 0.004 flooded 0.02 0.006 -0.03 -0.04
August 2000 (dry) 0.004 0.006 no data destroyed 0.06 -0.01
* A negative number denotes an upward gradient.
Table 5. Vertical hydraulic groundwater gradients inside the DSDA
Date of
measurement
Vertical hydraulic gradient (ft/ft)*
Nest 12 Nest 13 Nest 14 Nest 15 Nest 16 Nest 17
5-10' 10-15' 5-10' 10-15' 5-10' 10-15' 5-10' 10-15' 5-10' 10-15' 5-10' 10-15'
October 1998
(flooded) -0.07 0.075 -0.01 -0.005 0.12 -0.004 0.003 -0.001 0.009 0.15 0.24 -0.11
July 1999 
(dry) 0.08 0.003 0.20 0.002 0.11 0.008 0.10 -0.004 -0.001 0.03 0.66 -0.02
Sept 1999
(dry) 0.32 0.006 dry well 0.004 0.30 0.01 0.44 -0.005 0.14 0.23 0.36 -0.10
Dec 1999
(flooded) flooded flooded -0.01 0.004 flooded flooded flooded 0.03 0.001 0.11 flooded flooded
August 2000
(dry) 0.19 -0.008 0.08 -0.29 0.14 0.01 0.21 -0.01 0.007 0.10 0.09 -0.01
* A negative number denotes an upward gradient.
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Figure 9. Hydrographs at Nests 6, 7, and 8
along the south side of the DSDA.
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Figure 10. Hydrographs at Nests 9, 10, and 11
along the north side of the DSDA.
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Figure 11. Hydrographs at Nests 12, 13, and 14
inside the DSDA.
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Figure 12. Hydrographs at Nests 15, 16, and 17
inside the DSDA.
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Heads in the 5- and 10-foot nested wells along the south side of the DSDA, Nests 6 - 8,
often matched very closely (figure 9), resulting in very low gradients (between 0.01 and -0.01
ft/ft in table 4). At these three nests groundwater levels were never observed to rise above land
surface, unlike water levels in the other DSDA nested wells.
Vertical gradients and reversals were most evident on the north side of the DSDA (Nests
9 - 11, figure 10 and table 4) and in the nests inside the DSDA (Nests 12 - 17, figures 11 and 12,
and table 5). At Nests 10 and 11 outside the north side of the DSDA (figure 10), heads in the 5-
foot well were above the heads in the 10-foot well during “dry” periods indicating downward
vertical flow. As the inside of the DSDA was flooded, groundwater levels rose, and the vertical
gradient reversed as the heads in the 10-foot wells rose above the heads in the 5-foot wells
indicating an upward vertical flow potential. Water levels measured in well casings during these
periods were above land surface, further indicating a driving force for discharge of groundwater
to the surface (the fact that the groundwater level rose well above land surface and yet did not
actually flow out onto land surface at these locations is an indication of the low permeability of
the silty clays at this site). Water levels in Nest 9 behaved somewhat differently to what was
observed at Nests 10 and 11. This may be due, in part, to the proximity of the Lake DePue
shoreline (the discharge point for groundwater along the north boundary of the DSDA) and the
location of Nest 9 along an outside corner of the dikes as opposed to inside corners at Nests 10
and 11.
A somewhat similar pattern to Nests 10 and 11 was observed in the nested wells located
inside the DSDA (Nests 12 - 17, figures 11 and 12 and table 5). However, in these wells,
gradient reversals were not as apparent. Instead, vertical head differences were generally greater
during “dry” periods than during wet or flooded periods. During long-term flooding, such as
occurred during the late fall and winter months, groundwater levels tended to equilibrate to the
same elevation as the surface water elevation. This was likely the result of an inability of the
low-permeability silty clays beneath the site to transmit water–the water ponded within the dikes,
impounded water leaking through the bottom created a groundwater mound (as seen in the
contour maps, figures 4 - 8), and vertical downward hydraulic gradients were overwhelmed as 
the silty clays tried to transmit the water away. In more permeable units that can drain more
freely, such as the silty sands encountered down-river at Beardstown, a groundwater mound can
still form, but a downward vertical gradient would be maintained through wet and dry seasons
(Barcelona et al., 1989).
A graphical representation of the water table position and groundwater flow directions as
they are influenced by the DSDA flooding is shown in figure 13. A slight mound exists on the
water table even when the DSDA is dry, owing to natural drainage conditions as groundwater
moves to discharge areas along the Illinois River and Lake DePue shorelines. As the DSDA is
flooded, groundwater recharge increases beneath the impounded water, causing the water table
to rise. The fine-grained texture of the soils cannot readily accept all this water and the water
table rises higher, eventually equilibrating to the level of the impounded surface water.
Downward vertical gradients, especially between the 5- and 10-foot levels, are created beneath
the mound.
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Lake DePueIL River DSDA
b. During flooding and shortly after DSDA is flooded
Lake DePueIL River DSDA
S N
a. Before DSDA is flooded
Lake DePueIL River DSDA
Water
 Table Water Table
d. Weeks after DSDA is flooded
Lake DePueIL River DSDA
c. Days after the DSDA is flooded
Figure 13. North-south cross-sectional views through the DSDA showing water table position      
                  and groundwater flow directions before, during, and after the DSDA is flooded.
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 Upward vertical hydraulic gradients are created immediately outside the DSDA as water
seeks to move up and out from beneath the groundwater mound.
Continuous monitoring of groundwater levels at Nest 12 in October 1999 provided
detailed information on the temporal changes in vertical gradients that occurred as a result of
surface flooding. Figure 14 presents data collected by pressure transducers measuring the surface
water level and groundwater levels in the three nested wells, 12-5P, 12-10P, and 12-15P over the
period October 7 - October 18. Daily water level variations of approximately one foot in the
surface water transducer prior to October 16 are due to barometric pressure changes, not to actual
surface water level changes. Up to October 9, well before flooding of the site, the groundwater
surface (head) in well 12-5P was higher than the heads observed in 12-10P and 12-15P, which
were essentially the same. This indicates a downward gradient between 5 and 10 feet depth.
Flooding commenced around October 9, although surface flooding occurred predominantly in
adjacent cells and south of Nest 12. A rapid rise of approximately 5 feet was measured, even
though the ground surface at Nest 12 was not yet inundated. At this time, heads in 12-10P and
12-15P rose above the head in 12-5P, likely as a result of an advancing pressure wave caused by
flooding and subsequent groundwater mounding throughout other parts of the DSDA. As noted
by a distinct water level rise in all transducers, surface inundation at Nest 12 occurred on October
16. Note here, though, that at this point the heads in 12-5P rose above the water levels in 12-10P
and 12-15P, indicating a return to downward vertical movement. Over time, all water surfaces
would have converged to the surface water level as observed by October 18. Unfortunately,
equipment malfunctions past October 18 made later water level data unusable. The relatively
steep vertical gradient created for a short period immediately after flooding could enable solutes
to be transported rapidly to depth; this phenomenon has been observed in other flooded soils
(Kelly and Wilson, 2000).
Summary of Groundwater Levels
Water level measurements collected during the study period show that the physical
conditions encountered at the DePue DSDA provided a mechanism to transport dissolved
constituents into groundwater beneath the DSDA and then through the groundwater pathway to
off-site locations. Flooding of the site in the fall and over the winter created hydraulic conditions
favorable to downward movement of dissolved metals from the soil into underlying groundwater.
The groundwater mound formed by flooding accentuated the natural, albeit slow, groundwater
movement toward surface discharge points along the Lake DePue and Illinois River shorelines.
Water Chemistry
After the site is flooded, several processes could affect chemical conditions in the
subsurface. First, the flood water may displace and/or mix with soil water and shallow
groundwater; this is perhaps the major influence on post-flooding groundwater composition, at
least in the short term. Second, as the unsaturated zone becomes saturated, desorption or
dissolution may release ions and compounds into solution. Third, submerged soil is rich in
organic matter, and saturation of the soil zone will increase the rate of organic matter degradation
and lead to more reducing conditions. The submerged soil would have considerable reducing
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Figure 14. Continuous water level measurements at site 12 during flooding in October 1999.
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power. In addition to a substantial pool of carbon and energy (soil organic matter), there are
abundant quantities of electron acceptors, including oxygen in the flood water, nitrate from the
soil, elevated concentrations of iron and manganese oxides in the soils/sediments, and high
concentrations of sulfate in the shallow groundwater to drive these reduction processes.
Flood Water Chemistry
Because the chemistry of the flood waters would be expected to influence subsurface
water chemistry, samples of surface water inside the DSDA were taken during sampling events
when the site was flooded (except February 1999). The concentrations of almost every species
were lower in the flood water than the groundwater. The exceptions were K, Cl-, and NVOC. The
flood-water chemistry appeared to be fairly constant for a specific year, but varied moderately
from year to year. Complete chemistry results are found in appendix F.
Mixing of Flood Water and Subsurface Water During the Early Flooded Period
5-foot wells
Just prior to flooding in the fall of each year, the screened intervals of the shallowest wells
(5P) were mainly or completely in the unsaturated zone. For example, in the first week of October
1997, all 5-foot wells inside the DSDA were dry. Thus when flooding occurred, flood water was
probably the major source of water in the saturated soil zone. Comparing surface water
compositions with the composition of water in the 5-foot wells soon after flooding (October
1997/1998), however, indicates some differences (table 6). In table 6, “Difference between
surface and well” is the concentration in the well water minus the concentration in the flood
water.
The zinc concentrations in all of the wells were much higher than in the flood water. This
suggests that Zn was rapidly leached from the surface soil and transported to the depth of the
screened intervals at all five sites.
Chloride (Cl-), a conservative species, was lower in the wells than the surface water (by 5
to 37 mg/L) in the October samples. This suggests that there was mixing of surface water and soil
water. Because the composition of water in the unsaturated zone is unknown, it was difficult to
estimate the amount of mixing that occurred. If water in the shallow wells during unflooded times
is assumed to be representative of water in the unsaturated zone (i.e, July 1998 and 1999),then the
following mass balance equation can be used to estimate the percentage of flood water in the
shallow wells after flooding, assuming complete mixing and steady state conditions:
w( )[ ] (1 )[ ] [ ]X S X U G+ − = (1)
here [S] is the concentration in surface water, [U] is the concentration in the unsaturated zone, [G]
is the concentration in groundwater, and X is the fraction of flood water in the shallow wells.
Using equation (1), the percentage of flood water in the shallow wells in October 1997
and October 1998 varied between 0 and 100 %. Because no samples were collected in the summer
of 1997, Cl- concentrations for the soil-water end member for 1997 were averaged for July 1998
and 1999 for 12-5P, 14-5P, and 16-5P (13-5P, 15-5P, and 17-5P were dry in October
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Table 6. Difference in water chemistry between 5 ft wells
in October 97/98  after flooding and surface water
(Results in mg/L except for pH and ORP,  Blank fields indicate no sample)
Parameter SurfaceOct average
Difference between well and surface (well - surface)
12-5P
Oct-97
14-5P
Oct-97
16-5P
Oct-97
16-5P
Oct-98
17-5P
Oct-98
pH 7.59 -0.76 -0.77 -0.73 -0.54 -0.65
ORP (mv) 286 -28 -42 -65 -85 -75
Cl- 84.7 -37.4 -23.8 -13.6 -5.38 -7.48
HCO3- 235.8 118.1 167 75.3 -6.41 16.2
SO42- 89.1 84.1 748 80.0 71.3 291
NO3--N 0.9 17.2 14.8 10.2 2.01 2.71
NH4+-N 0.0582 -0.0582 -0.0427
o-PO4 0.589 -0.449 -0.589* -0.589* -0.589* -0.589*
NVOC 9.83 0.175 -2.33 -4.02 0.955
Ca 64.2 85.0 294 65.2 45.0 111
Mg 24.3 7.11 51.7 -0.429 -4.47 9.33
Na 37.6 -15.9 -11.3 27.2 43.2 18.9
K 14.7 -8.63 -14.7* -14.7* -14.7* -14.7*
Al 0.0666 -0.0666* -0.0666* -0.0666* -0.0666* -0.0666*
B 0.185 0.0255 0.0012 0.0395 0.0287 0.202
Ba 0.0555 0.0357 0.0217 0.0446 0.0572 0.0056
Cd BD BD 0.0811† BD BD 0.0536†
Co BD BD BD BD BD BD
Cr BD BD BD BD BD BD
Cu 0.0155 0.0020 -0.0054 -0.0155* 0.0342 0.0219
F 0.615 0.825 1.41 1.73 2.03 0.895
Fe 0.0332 -0.0244 -0.0122 0.0085 0.0187 -0.0332*
Mn 0.0428 -0.0179 0.490 0.0495 0.0161 -0.0259
Ni 0.0435 -0.0435* -0.0435* 0.0094 -0.0435* -0.0435*
Si 2.92 7.50 6.63 4.17 2.66 5.93
Sr 0.217 0.146 0.461 0.0721 0.0267 0.174
Ti BD BD BD BD BD BD
V BD BD BD BD BD BD
Zn 0.0939 0.612 3.55 0.243 0.425 2.60
BD = below detection in both flood water and well water.
* maximum possible decrease (well sample BD).
† maximum possible increase (surface sample BD).
1997). Values for 12-5P and 14-5P for July 1998 and 1999 were fairly similar (< 7 mg/L), but
differed by ~15 mg/L for 16-5P between July 1998 and July 1999. Using these average values and
the surface and well data for October 1997, the percentages of flood water were 51% (16-5P),
35% (14-5P), and 0% (12-5P; actually indeterminable, because the groundwater Cl-  
concentration was less than both the July average and surface water concentrations). For 1998,
there were data from October for wells 16-5P and 17-5P and from July for 16-5P. These data
suggest that the groundwater was almost completely flood water (100% for 16-5P, 93% for 17-
5P, if we assume the Cl- concentrations in July 1999 and July 1998 were equal for 17-5P).
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The wide variation in estimated mixing percentages suggests this is an inappropriate
calculation. The assumption that the July samples represent the unsaturated zone and shallow
groundwater compositions assumes that water quality did not continue to change from July to
October; since water chemistry was observed to change throughout the rest of the year, this may
not be a valid assumption. 
For the December 1999 data, Cl- concentrations were greater in all the wells than in July
1999. A December 1999 surface sample (taken near well nest 15) had Cl- of 108 mg/L. Calculated
percentages of flood water using July 1999 data as the other end member were 33% (17-5P), 47%
(14-5P), 57% (15-5P), 58% (12-5P), and 69% (16-5P) (there were no July data for 13-5P in either
1998 or 1999), for an average of 53% flood water.
While there is great uncertainty in these mixing calculations and quantitative distinctions
are untenable, it does appear that mixing of flood water with subsurface water had a significant
impact on post-flood groundwater chemistry. There also appears to have been considerable
variability, both spatially and temporally, in the amount of mixing. It is apparent from the
calculations that mixing cannot account for all of the observed changes in water chemistry. These
changes will be discussed in later sections.
10- and 15-foot wells
Changes in water chemistry after flooding for the 10- and 15-foot wells inside the DSDA
were minimal in October 1997. For the major ions, changes between October 1 and October 16,
1997, were less than 3% except for Cl- and sulfate (SO42-), which decreased by 2.5 to 8%. Per cent
changes for minor ions were sometimes greater, but the absolute changes were small. For
example, Fe in 14-10P increased by 185% but the absolute change was only 0.03 mg/L. For
almost all ions, the concentrations decreased.
There were much greater changes in water chemistry over longer periods of time, for
example between July and October 1998 and between July and December 1999. A substantial
amount of these differences is undoubtedly due to the much greater time spans they represent,
allowing for more movement of water both vertically and laterally. The data do suggest
significant vertical movement, even to the 15-foot wells; for every 10- and 15-foot well inside the
DSDA, Cl- increased from July 1999 to December 1999, when the surface-water Cl- was
considerably greater than in the subsurface. Rapid vertical movement of flood water has been
observed in other flooded areas (Kelly and Wilson, 2000).
Temporal Changes Through the Flooded Period
Changes in pH and redox conditions for 16-5P and 17-5P
The wells in nests 16 and 17 were sampled the most times during the study. The pH
increased immediately after flooding, then decreased through the flood period. Redox conditions
were observed to change in the shallow wells at these two sites (16-5P and 17-5P) as a result of
flooding (figure 15). Iron and Mn concentrations were relatively elevated during dry conditions
and suppressed during flooded conditions. Nitrate was only detected during early flood stages
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Figure 15. Concentrations of redox-sensitive species and pH in wells 16-5P and 17-5P. Open
symbols represent unflooded conditions and filled symbols represent flooded conditions.
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(see Behavior of individual species/elements: Nitrate section). In 16-5P, NH4+-N had a pattern
similar to Fe and Mn, but there was no obvious trend in 17-5P. Sulfate also appeared to be
relatively depleted during flood periods, especially when the site had been flooded for a
considerable length of time. 
The temporal changes in Fe, Mn, NO3-, and possibly NH4+ and SO42- concentrations are
consistent with the hypothesis of cyclic changes in redox conditions caused by flooding and
draining. The flood water contained dissolved oxygen and therefore had low dissolved Fe, Mn,
and NH4+ concentrations. The flood water also had a moderately high NO3- concentration.
Therefore, after the flood water displaced/mixed with shallow groundwater in October 1998 the
Fe and Mn concentrations in wells 16-5 and 17-5 were low and the NO3- concentrations were
high. Microbial respiration then depleted the available oxidants, including NO3- and Fe and Mn
oxides. Therefore, the NO3- concentrations decreased and dissolved Fe and Mn concentrations
increased between October 1998 and July 1999. The increase in NH4+ may have been due to
nitrate reduction. The rest of the nitrate may have been reduced to nitrogen gas by microbial
denitrification. The decreases in SO42- may have been caused by sulfate reduction.
Because the flood water had relatively high pH values (7.5-8.0), one would expect the pH
in the shallow groundwater to increase immediately after flooding. Both 16-5 and 17-5 had their
highest pH values in October 1998, two weeks after flooding. Oxidation of organic matter under
aerobic, denitrifying, or sulfate reducing conditions produces CO2 and tends to lower the pH.
Once the O2 and NO3- disappear, Mn and Fe reduction reactions consume protons and tend to
increase the pH (Cambier and Charlatchka, 1999). The temporal patterns of pH varied among the
shallow wells although some of the variability is probably an artifact of the incomplete data sets. 
This variability may reflect the competition between Mn and Fe reducing bacteria and SO42--
reducing bacteria; thus rationalizing the change in pH due to flooding is difficult. However, the
pH in all the shallow wells decreased between February 1999 (late flood period) and July 1999
(unflooded). This may be due to oxidation of sulfide minerals that were precipitated under sulfate
reducing conditions.
5-foot wells
To examine changes in water chemistry through an entire flooding period, the
concentrations of several solutes from July 1999, October 1998, December 1999, and February
1999, the most complete data sets collected for the 5-foot wells inside the DSDA, were plotted as
time series (figure 16). It was assumed that the October 1998 data could be plotted as “October
1999" data. The data in figure 16 represent a change from unflooded to flooded for increasing
lengths of time (December 1999 flooded for ~2 months, February 1999 flooded ~4 months). The
concentrations of most elements/species decreased over this period, including Ca, Mg, SO42-,
HCO3-, Fe, Mn, silicon (Si), barium (Ba), and NVOC. Other parameters generally decreased,
although not in every well (NH4+-N, strontium (Sr), boron (B), nickel (Ni)). Parameters that
increased include pH, chromium (Cr), and Na; Cd also showed a general increase. Some elements
varied; Zn increased then decreased in 3 wells and decreased then increased in 3 wells. 
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Figure 16. Temporal changes in elements/species in 5-foot wells inside the DSDA.
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Figure 16 [continued].
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Figure 16 [concluded].
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Chloride increased in all wells, then decreased, and nitrate-nitrogen (NO3--N) showed a
similar trend. Interpretations for the fates of various species are presented in the next section.
The temporal changes in Cl-, Na, and Si might best be explained by mixing of surface
water with groundwater. Cl- was relatively elevated in the flood water, and its increase in
groundwater in December 1999 may have been due to the influx of this high Cl- water, and the
subsequent return to July 1999 values in February 1999 may represent a reestablishment of pre-
flood conditions. Silicon concentrations, on the other hand, were relatively depleted in flood
water (0.5 - 5 mg/L), and the observed decreases in groundwater in December 1999 and February
1999 may be due to the influx of flood water.
10- and 15-foot wells
Temporal trends for concentration data were less obvious for the 10- and 15-foot wells
than for the 5-foot wells. While there was variability in the data, there were few noticeable trends
(figures 17 and 18). For the 10-foot wells, Zn and Na concentrations tended to be greatest at the
December 1999 sampling event. In contrast, Fe and Mn concentrations tended to be depressed for
most wells at this event. One possible explanation for these apparent trends is that the fate of Zn
was controlled by Fe and Mn chemistry. No trends were obvious in the 15-foot wells for any
element/species (figure 18).
Behavior of Individual Species/Elements
Zinc
Table 7 presents the Zn and Cd concentrations in groundwater samples collected from
wells inside the DSDA (sites 12-17). Only wells at sites 16 and 17 were sampled on 08-Oct-98.
Otherwise, “NS” indicates no sample was collected because the well was dry. Most of the Zn
concentrations were above the MDL (0.008-0.011 mg/L), whereas most of the Cd concentrations
were below the MDL (0.011-0.019 mg/L). The Zn concentrations fluctuated in all wells.
However, the highest Zn concentrations were often found in wells 14-5, 16-10, and 17-5. The
highest Cd concentrations were found in wells 14-5 and 17-5.
Table 8 presents the Zn and Cd concentrations in groundwater samples collected from
wells just outside the dikes (sites 5-11). The Zn concentrations were mostly above the MDL but
were lower than most of the Zn concentrations inside the dikes. The highest Zn concentrations
were at sites 9, 10, and 11. All Cd concentrations were below the MDL.
Table 9 presents Zn and Cd concentrations in groundwater samples collected from
background wells (sites 1-4 and 18), in flood-water samples, and in trip blanks. Zinc
concentrations were above the detection limit in approximately half of the samples from the
background wells and all of the flood-water samples. All trip blanks but one had undetectable Zn
concentrations. The exception was 28-Jul-98. The source of contamination was found to be the
acid preservative. Cadmium was detected in only two background well samples and was below
the MDL in all flood-water samples and blanks.
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Figure 17. Temporal changes in concentrations of elements/species for 10-foot wells
inside the DSDA.
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Figure 18. Temporal changes in concentrations of elements/species in 15-foot wells
inside the DSDA.
48
Table 7. Zn and Cd concentrations (mg/L) inside the DSDA
Nest Date Zn Cd5 ft 10 ft 15 ft 5 ft 10 ft 15 ft
12 1-Oct-97 NS 0.012 <0.011 NS <0.019 <0.019
16-Oct-97 0.706 <0.011 <0.011 <0.019 <0.019 <0.019
29-Jul-98 1.44 0.483 0.459* <0.016 <0.016 <0.016*
08-Oct-98 NS NS NS NS NS NS
23-Feb-99 0.303 <0.008 0.011 <0.016 <0.016 <0.016
20-Jul-99 0.719 0.014 0.016 <0.011 <0.011 <0.011
02-Dec-99 1.15 0.094 0.014* 0.027 0.011 <0.011*
13 1-Oct-97 NS <0.011 <0.011 NS <0.019 <0.019
16-Oct-97 NS NS NS NS NS NS
29-Jul-98 NS 0.472 0.448 NS <0.016 <0.016
08-Oct-98 NS NS NS NS NS NS
23-Feb-99 0.129 0.013 0.012 <0.016 <0.016 <0.016
20-Jul-99 0.051 <0.009 0.022 <0.011 <0.011 <0.011
02-Dec-99 0.245 <0.009 0.015 <0.011 <0.011 0.014
14 2-Oct-97 NS 0.080 <0.011 NS <0.019 <0.019
16-Oct-97 3.64 0.042 <0.011* 0.081 <0.019 <0.019*
28-Jul-98 3.93 0.242 0.233 0.076 <0.016 <0.016
08-Oct-98 NS NS NS NS NS NS
24-Feb-99 3.31 0.062 <0.008 0.046 <0.016 <0.016
20-Jul-99 0.095 0.059 0.014 <0.011 <0.011 <0.011
02-Dec-99 4.31 0.424 0.018 0.085 0.020 <0.011
15 2-Oct-97 NS 0.268 0.024* NS <0.019 <0.019*
15-Oct-97 NS NS NS NS NS NS
28-Jul-98 1.90 0.406 0.232 0.057 <0.016 <0.016
08-Oct-98 NS NS NS NS NS NS
24-Feb-99 1.34 0.158 <0.008 0.029 <0.016 <0.016
20-Jul-99 0.088 0.166 <0.009 <0.011 <0.011 <0.011
02-Dec-99 1.08 0.296 0.115 0.033 <0.011 <0.011
16 3-Oct-97 NS NS 0.731 NS NS <0.019
15-Oct-97 0.337 7.17* 0.809 <0.019 <0.019* <0.019
29-Jul-98 0.919 4.91 0.970 <0.016 <0.016 <0.016
08-Oct-98 0.519 3.93* 0.448 <0.016 <0.016* <0.016
23-Feb-99 0.672 0.840 0.376 <0.016 <0.016 <0.016
20-Jul-99 2.04 0.506 0.406 <0.011 <0.011 <0.011
01-Dec-99 0.421 4.99 0.250 <0.011 <0.011 <0.011
17 3-Oct-97 NS NS <0.011 NS NS <0.019
15-Oct-97 NS NS NS NS NS NS
28-Jul-98 1.59 0.443 0.231 <0.016 <0.016 <0.016
08-Oct-98 2.69 <0.008 <0.008 0.054 <0.016 <0.016
24-Feb-99 3.79 <0.008 <0.008 0.046 <0.016 <0.016
20-Jul-99 5.94 0.014 <0.009 0.102 <0.011 <0.011
01-Dec-99 1.66 0.040 <0.009 0.020 0.015 <0.011
NS = No sample
* Average of duplicate samples
49
Table 8. Zn and Cd concentrations (mg/L) just outside the DSDA
Nest Date Zn Cd5 ft 10 ft 5 ft 10 ft
5 15-Sep-98 <0.008 <0.008 <0.016 <0.016
23-Feb-99 NS NS NS NS
20-Jul-99 0.046 0.023 <0.011 <0.011
08-Dec-99 0.047 <0.009 <0.011 <0.011
6 15-Sep-98 NS <0.008 NS <0.016
23-Feb-99 NS NS NS NS
21-Jul-99 0.026 0.009 <0.011 <0.011
08-Dec-99 0.011 0.010* <0.011 <0.011*
7 15-Sep-98 NS <0.008 NS <0.016
23-Feb-99 NS NS NS NS
21-Jul-99 0.012 <0.009 <0.011 <0.011
01-Dec-99 NS NS NS NS
8 15-Sep-98 0.014 0.024 <0.016 <0.016
23-Feb-99 NS NS NS NS
21-Jul-99 0.011 <0.009 <0.011 <0.011
08-Dec-99 <0.009 <0.009 <0.011 <0.011
9 15-Sep-98 0.111 <0.008 <0.016 <0.016
23-Feb-99 NS NS NS NS
20-Jul-99 <0.009 <0.009 <0.011 <0.011
01-Dec-99 <0.009 <0.009* <0.011 <0.011*
10 15-Sep-98 0.114 <0.008 <0.016 <0.016
23-Feb-99 NS NS NS NS
20-Jul-99 0.041 <0.009 <0.011 <0.011
01-Dec-99 0.048 <0.009 <0.011 <0.011
11 15-Sep-98 NS 0.015 NS <0.016
23-Feb-99 0.065 <0.008 <0.016 <0.016
20-Jul-99 0.095 0.026 0.016 <0.011
01-Dec-99 0.040 <0.009 <0.011 <0.011
NS = No sample
* Average of duplicate samples
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Table 9. Zn and Cd concentrations (mg/L) in wells located far from the DSDA,
surface-water samples (nest #-Srf) collected during flooded periods, and blanks
Well Date Zn Cd Sample Date Zn Cd
1-15P 15-Sep-98 <0.008 <0.016 16-Srf 15-Oct-97 0.095 <0.019
20-Jul-99 0.053 <0.011 12-Srf 16-Oct-97 0.138 <0.019
01-Dec-99 0.026 <0.011 14-Srf 16-Oct-97 0.070 <0.019
2-15P 15-Sep-98 <0.008 <0.016 16-Srf 08-Oct-98 0.073* <0.016*
20-Jul-99 0.018 0.017 15-Srf 01-Dec-99 0.061 <0.011
01-Dec-99 <0.009 <0.011
3-15P 15-Sep-98 <0.008* <0.016* Blank 2-Oct-97 <0.011 <0.019
20-Jul-99 0.016 0.016 Blank 15-Oct-97 <0.011 <0.019
01-Dec-99 <0.009 <0.011 Blank 16-Oct-97 <0.011 <0.019
4-15P 15-Sep-98 <0.008 <0.016 Blank 28-Jul-98 0.238 <0.016
20-Jul-99 <0.009 <0.011 Blank 29-Jul-98 <0.008 <0.016
01-Dec-99 <0.009 <0.011 Blank 08-Oct-98 <0.008 <0.016
18-15P 15-Sep-98 0.012 <0.016 Blank 23-Feb-99 <0.008 <0.016
20-Jul-99 0.014 <0.011 Blank 20-Jul-99 <0.009 <0.011
01-Dec-99 0.010* <0.011* Blank 01-Dec-99 <0.009 <0.011
Blank 08-Dec-99 <0.009 <0.011
* Average of duplicate samples
Figure 19 compares the Zn concentrations in the wells inside the DSDA using box-and-
whisker plots. All of the data for each well were pooled, so each box and whisker object
summarizes the Zn concentrations for the duration of the study for one well. The heavy line in 
the middle of a box is the median Zn concentration. The lower and upper ends of the box are the
first and third quartiles. The T-shaped projections from the bottom and top of a box (whiskers)
show the 10th and 90th percentiles, and the circles are samples outside these percentiles (outliers).
Some features are not plotted for some boxes because of the distribution of the data. For example,
the data for well 17-15P are so tightly packed that the box and whiskers were no wider than the
median line. The 10th and 90th percentiles are statistical estimates, since there were fewer than 10
samples for any well.
For sites 12, 14, 15, and 17, the highest Zn concentrations were in the 5-foot wells. At site
13 the Zn concentrations were also higher at 5 feet than at 10 or 15 feet, but the difference was
not as dramatic as at sites 12, 14, 15, and 17. At site 16, the highest Zn concentrations were
usually found at 10 feet. The Zn concentrations at 5, 10, and 15 feet were pooled and compared
using the nonparametric Mann-Whitney test. The test confirmed the decrease in Zn with depth
from 5 to 15 feet for all sampling events except October 1997 (table 10). If data from well nest 16
are omitted, significant differences are obtained for July 1998 and December 1999 for 5 vs 10 ft.
For wells with Zn concentrations below or near the MDL the high outliers were the July 1998
samples. The blank for that sampling event had a high Zn concentration, which was due to
contaminated acid preservative (table 9).
Figure 20 compares Zn concentrations in wells inside and outside the DSDA on the west
end of the DSDA. All Zn concentrations in wells 8 and 9 (outside) were near or below the Zn
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Figure 19. Box-and-whisker plots of Zn concentrations for wells inside the DSDA.
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Figure 20. Box-and-whisker plots of Zn concentrations for wells on the west end of the DSDA.
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Table 10. Results of Mann-Whitney test for aqueous Zn concentrations (mg/L)
 inside the DSDA comparing concentrations as a function of well depth.
P values in bold print indicate statistically significant differences (< 0.05)
Date 5 ft 10 ft 15 ft 5 vs 10 10 vs 15 5 vs 15n median n median n median P P P
Oct 97 3 0.706 3 0.0423 3 0.0 0.700 0.700 0.400
July 98 5 1.60 6 0.458 6 0.340 0.082 0.310 0.009
Feb 99 6 1.01 6 0.0377 6 0.0055 0.026 0.394 0.009
July 99 6 0.407 6 0.0363 6 0.0146 0.093 0.699 0.015
Dec 99 6 1.12 6 0.195 6 0.0164 0.180 0.180 0.004
 MDL. The Zn concentrations in well 17-5P and all of the wells at site 16 were much greater than
the Zn concentrations at sites 8 and 9. Figure 21 compares Zn concentrations in wells inside and
outside the DSDA on the north side of the DSDA. As on the west end, the Zn concentrations in  
the outside wells (sites 10 and 11) were near or below the MDL. The Zn concentrations in most of
the wells at sites 14-16 inside the DSDA were significantly greater than the MDL and in wells 16-
10P and 14-5P were much greater than in the wells at sites 10 and 11. Figure 22 compares Zn
concentrations in wells inside and outside the DSDA on the east end of the DSDA. As on the west
and north sides, the outside wells (5 and 6) had Zn concentrations near or below the MDL,
whereas wells 12-5P, 12-10P, 12-15P, and 13-5P all had Zn concentrations that were significantly
greater than in the wells at sites 5 and 6.
Figures 19 - 22 indicate that Zn concentrations were clearly greater inside the DSDA than
outside, and this was confirmed by the Mann-Whitney test (table 11). For the two sampling
events for which all wells were sampled (July 1999 and December 1999), Zn concentrations were
significantly higher (P < 0.05) in the 5-foot wells inside the DSDA compared to those outside. In
addition, they were higher in the 10-foot wells inside the DSDA in December 1999. Outside the
DSDA, the median values were < 0.03 mg/L at 5 feet and below detection (< 0.009 mg/L) at 10
feet. Inside the DSDA, a total of 28 samples were taken from 5-foot wells. Twenty of those
samples had Zn concentrations greater than 0.5 mg/L and 15 had Zn concentrations greater than 1
mg/L. In contrast, of a total of 18 samples taken from 5-foot wells outside the DSDA, none had
more than 0.2 mg Zn/L and only two had more than 0.1 mg Zn/L. At the 10-foot level inside the
DSDA, the only well with a Zn concentration greater than 0.5 mg/L was 16-10P, which ranged
from 0.51 to 7.2 mg/L (n = 6). At various times, all the other 10-foot wells inside the DSDA had
Zn concentrations greater than 0.1 mg/L. Over 70% of samples taken from the 10-foot wells
outside the DSDA had Zn concentrations below the MDL; the greatest concentration measured
was 0.025 mg/L.
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Figure 21. Box-and-whisker plots of Zn concentrations in wells on the north side of the DSDA.
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Figure 22. Box-and-whisker plots of Zn concentrations in wells on the east side of the DSDA.
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Table 11. Mann-Whitney results comparing inside versus outside DSDA
 for 5 and 10 foot wells in July and December 1999.
P values in bold print indicate statistically significant differences (< 0.05)
Element/
Species
July 1999, 5 ft July 1999, 10 ft
outside DSDA inside
DSDA P
outside DSDA inside
DSDA P
n median n median n median n median
Zn 7 0.0257 6 0.407 0.008 7 BD 6 0.0363 0.101
Fe 7 0.124 6 1.11 0.234 7 0.0714 6 1.90 0.366
Mn 7 1.84 6 3.21 0.366 7 2.17 6 5.41 0.035
SO42- 6 175 5 358 0.177 7 150 6 296 0.731
NH4+-N 7 0.0621 6 0.140 0.234 7 0.0311 6 0.136 0.101
F 6 0.465 5 1.17 0.004 7 0.370 6 0.325 0.836
NO3--N 6 0.0695 5 BD 0.537 7 BD 6 BD 0.534
HCO3- 6 595 6 817 0.310 6 574 6 290 0.015
December 1999, 5 ft December 1999, 10 ft
Zn 6 0.0254 6 1.12 0.002 6 BD 6 0.195 0.015
Fe 6 0.0273 6 0.0405 0.699 6 2.14 6 0.377 0.589
Mn 6 0.751 6 0.258 0.699 6 3.81 6 1.76 0.818
SO42- 6 184 6 299 0.589 6 284 5 287 0.662
NH4+-N 6 BD 6 BD 1.000 5 0.124 5 BD 0.690
F 6 0.308 6 1.13 0.002 6 0.195 5 0.250 0.247
NO3--N 6 BD 6 BD 0.589 6 BD 5 BD 0.931
HCO3- 7 410 7 639 0.138 5 485 5 448 1.000
BD = below detection.
Three wells had consistently elevated concentrations of Zn: 14-5P, 17-5P, and 16-10P.
Zinc was between 3.3 and 4.3 mg/L at 14-5P except for July 1999, when it was < 0.1 mg/L. Zn
was always greater than 1.5 mg/L in 17-5P, with a high of 5.9 mg/L in July 1999. For the other 5-
foot wells inside the DSDA, the Zn concentration was usually less than 1 mg/L; the greatest
concentration was 2.0 mg/L (16-5P in July 1999). There was interesting temporal variability; in
July 1999, wells 13-5P, 14-5P, and 15-5P had their lowest Zn concentrations, while 16-5P and
17-5P had their highest. The third “hot spot” was 16-10P, where Zn was between 3.9 and 7.2
mg/L except for February and July 1999, when it was less than 1 mg/L.
One-way ANOVA results indicated that there were no significant differences in Zn
concentrations among the three 1999 sampling events. Thus, these data did not indicate any
seasonal effects, although samples over more than one year would be necessary to make this
determination unequivocally. These results are also only valid for groundwater at depths greater
than 2.5 feet (i.e., the top of the screened interval of the 5-foot wells); there may have been
changes in the solubility of Zn during the flooding and drying cycles in the top 2.5 feet.
Figure 23 compares Zn concentrations in wells just outside the dikes with background
wells. All of the Zn concentrations in these wells were low. Results from Mann-Whitney tests
indicated no significant differences between the two groups.
57
Wells
1 2 3 4 18 5 6 7 8 9 10 11
Zn
 (m
g/
L)
0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14
Background
  (15 foot)
Outside DSDA
(5 and 10 foot)
Figure 23. Box-and-whisker plots of Zn concentrations for background wells and wells just
outside the DSDA.
Other metallic contaminants
Other metallic contaminants found in the sediments (Cd, Cu, Pb, Ba) were generally not
detected in groundwater samples either inside or outside the DSDA, except for Ba. When Cd, Cu,
or Pb were detected, it was almost always inside the DSDA. For example, in December 1999 Cd
was detected (> 0.011 mg/L) in 8 samples and Cu (> 0.009 mg/L) in 4 samples, all from wells
inside the DSDA. The greatest Cd concentration measured during the project was 0.102 mg/L at
17-5P in July 1999 (table 7). Figure 24 compares Cd concentrations in the wells at sites 14, 15,
and 17, the only sites inside the DSDA with detectable Cd. As with Zn, the highest Cd
concentrations were found in the 5-foot wells. However, unlike Zn, Cd was never detected at site
16. The greatest Cu concentration was 0.070 mg/L at 1-15P in July 1999. Pb had a relatively high 
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Figure 24. Box-and-whisker plots of Cd concentrations for well sites 14, 15, and 17.
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detection limit (0.063 - 0.075 mg/L) and was only detected in one sample for the entire project,
from well 13-10P in February 1999 (0.083 mg/L). There were no significant differences in Ba
concentrations between inside and outside the DSDA. At several dates there were significant
differences with depth inside the DSDA, with lowest concentrations in the 15-foot wells.
Differences in concentrations for all of the other metals were statistically insignificant, both
between inside and outside the DSDA and among well depths inside the DSDA. It thus appears
that migration of these metals away from the site in groundwater has been minimal.
Nitrate
There were several potential sources of nitrogen in the groundwater, including soil
nitrogen, atmospheric deposition, and flood waters. Fertilizer is not applied in the DSDA. When
the site was unflooded, NO3- concentrations were always less than 1 mg N/L in all wells
regardless of location or depth. The greatest concentrations of NO3--N were measured in October
of 1997 and 1998, within 2 weeks of the onset of flooding. Nitrate concentrations between 11 and
18 mg N/L were measured in wells 12-5P, 14-5P, and 16-5P on October 16, 1997. Saturation of
soils releases organic nitrogen which is rapidly oxidized to nitrate in the presence of oxygen
(Kelly and Wilson, 2000). With time, dissolved oxygen becomes depleted, conditions become
more reducing, and the nitrate is reduced to nitrogen gas by microbial denitrification or to
ammonia by microbial nitrate reduction. In groundwater samples taken during flood periods when
flooding had persisted longer (February and December 1999), NO3- was lower than in October.
The behavior of other redox-sensitive species suggest that conditions were almost always
sufficiently reducing for denitrification (see sections on ammonium, Fe and Mn, and sulfate and
sulfide). Concentrations of NO3- in flood waters were low, less than 1 mg N/L except for one
sample with 1.70 mg N/L, suggesting flood water was not the source of the elevated  NO3-.
There were no statistically significant differences between NO3- concentrations in wells
inside and outside the DSDA or among the well depths inside the DSDA (table 11). One-way
ANOVA indicated that there were no significant differences among the three 1999 sampling
events, suggesting no seasonal effects. This is in agreement with the observation that conditions
were always sufficiently reducing for denitrification to occur.
Ammonium
Ammonium was detected in many wells at all depths and at all times of year. The
concentrations were generally lowest in the 5-foot wells, almost always less than 1.0 mg N/L. The
highest median values were in July 1999. Elevated concentrations (> 1 mg N/L) were commonly
found in the 10-foot wells, both inside and outside the DSDA. However, the median values were
always low (< 0.2 mg N/L). For the July and December 1999 sampling events, the median values
inside and outside the DSDA were not significantly different, but there was a much greater range
inside. The opposite was true for the 15-foot wells, where for these two sampling events, the
medians were not significantly different but the range was much greater outside the DSDA.
However, comparing the 15-foot wells inside and outside the DSDA is not strictly valid because
the wells outside the DSDA had a much greater screen length. As stated above, conditions appear
to have been reducing throughout the year. The NH4+ is likely either from soil organic matter or
the exchangeable fraction of clays.
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There were no statistically significant differences in NH4+ concentrations between wells
inside and outside the DSDA or among the well depths inside the DSDA (table 11), except for 5-
foot versus 15-foot wells in July 1999 (data not shown; 5-foot wells had greater concentrations).
One-way ANOVA indicated that for the three 1999 sampling events, significantly greater
concentrations of NH4+ were measured in the 5-foot wells inside the DSDA in July, suggesting
reducing conditions prevailed even during unflooded times of year. The decrease in NH4+ during
flooded periods was unexpected; it may indicate an active anaerobic bacterial population with the
NH4+ being assimilated into organic matter or ion exchange of NH4+ onto clay minerals.
Iron and manganese
Manganese concentrations tended to be greater than iron concentrations. The dissolved Fe
and Mn concentrations were very low in the 5-foot wells in October 1998 shortly after flooding.
Otherwise, the median Mn concentration was usually greater than 1 mg/L regardless of depth,
location, or sampling event. In July 1999, Mn concentrations inside the DSDA were significantly
higher than outside at 10 feet, the only significant difference between inside and outside the
DSDA found for Mn or Fe (table 8). Manganese was thus more soluble than Fe in this system,
despite the fact that there was significantly more Fe in the soils than Mn (see Soil Chemistry
Results section).
In a few cases, there were significant differences in Mn and Fe concentrations as a
function of depth (table 11). Manganese had greater concentrations at 10 feet than at 5 feet in
February 1999 and December 1999, and at 15 feet than at 5 feet for December 1999. Iron had
greater concentrations at 10 feet than at 15 feet in July 1998 and February 1999. One-way
ANOVA indicated that for the three 1999 sampling events, significantly greater concentrations of
both Fe and Mn were measured in the 5-foot wells inside the DSDA in July. Elevated Fe and Mn
concentrations generally are indicative of reducing conditions, but more oxidizing conditions
would be expected in the summer, when the DSDA was unflooded. These results suggest that
there may be sulfate reduction during flood periods, and some of the dissolved Fe and Mn would
be expected to form sulfide precipitates.
Sulfate and sulfide
Sulfate concentrations were high for shallow groundwater. In the 5-foot wells inside the
DSDA, median values were typically 300 mg/L or higher. The source of sulfur may be sulfide
minerals in the dredgings, although this would not account for the high SO42- concentrations
outside the DSDA. Other potential sources include organic material in soils and flood deposits,
atmospheric deposition, and artificial fertilizer (outside the DSDA).
For July 1999 and December 1999, median SO42- values for both 5- and 10-foot wells
were greater inside the DSDA than outside, but the differences were not statistically significant
(table 11). There were also no statistically significant differences as a function of well depth
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inside the DSDA at any sampling event. There were no statistically significant differences among
the three 1999 sampling events, suggesting no measurable seasonal differences.
Sulfide was not analytically detected in any samples (MDL 0.05 mg S/L), but a hydrogen
sulfide odor was detected and noted in several acidified samples from the July and December
1999 sampling events, both inside and outside the DSDA and at all three depths. This suggests
that sulfate reduction was occurring. The production of sulfide would be expected to limit the
dissolved concentrations of metals such as Zn, Cd, Fe, and Mn by precipitation of metal sulfide
phases.
NVOC
NVOC concentrations were high for shallow groundwater, usually > 5 mg/L and
frequently > 10 mg/L. High NVOC concentrations may reflect the frequent flooding of soils and
also input from flood waters; there was obviously ample organic matter for microbially mediated
redox reactions. Differences between inside and outside the DSDA were not statistically
significant. Within the DSDA, NVOC concentrations were statistically greater in 5-foot than in
15-foot wells in July 1999 and December 1999. NVOC concentrations in flood-water samples
varied between 7 and 15 mg/L. One-way ANOVA indicated that there were no significant
differences among the three 1999 sampling events, suggesting no seasonal effects.
Alkalinity
The alkalinity varied considerably in the 5-foot wells inside the DSDA during 1999
(figure 16). Significantly greater alkalinities were measured in July than in February or
December, as was observed for Fe, Mn, and NH4+-N. The alkalinity was also significantly greater
at depths greater than 5 feet in February and December 1999. Alkalinity did not change
appreciably with time in the 10- or 15-foot wells. The elevated alkalinities in the summer may
have been due to increased organic matter degradation due to higher temperatures and more
efficient production of CO2 in the less reducing conditions. Alkalinities may also have been
controlled by calcite (CaCO3) solubility; samples from inside the DSDA were near equilibrium
with calcite (see the Chemical Equilibrium Modeling section).
Unfiltered Samples
Unfiltered samples were taken at all sampling events except for October 1997. For Zn,
concentrations tended to be greater in the unfiltered sample (36 of 61), although a significant
number (16) had lower concentrations (table 12). The remaining 10 samples were below detection
in both filtered and unfiltered samples. Some of the unfiltered samples had much greater
concentrations, four being greater by more than 1 mg/L (3 of these from July 1999). As a
percentage of the filtered samples, eight unfiltered samples had more than double the Zn
concentration than filtered samples. Of those that had lower concentrations in the unfiltered
sample, only two were less than half the filtered sample. The difference between filtered and
unfiltered samples was usually within the sampling and analytical uncertainty, meaning that the
particulate matter present was probably not unusually Zn-rich.
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Table 12. Comparison of unfiltered and filtered samples for selected metals. 
Results are for all sampling events.
Element
 # samples
unfiltered >
filtered
# samples
filtered >
unfiltered
# samples
both BD
# samples
unfiltered
> 100%
filtered
# samples
unfiltered
< 50%
filtered
# samples
unfiltered
> 1 mg/L
filtered
greatest
difference
unfilt’d - filt’d
(mg/L)
Zn 36 16 10 8 2 4 3.05
Cd 14 4 44 0 0 0 0.01
Cu 13 14 35 3 3 0 0.05
Fe 53 8 1 28 3 23 24.1
Mn 36 26 0 6 3 10 6.26
Si 49 13 0 5 0 24 27.2
Al 44 3 15 37 0 13 13.7
The differences between unfiltered and filtered concentrations for the other toxic metals was less
than for zinc (table 12). Lead was detected in only one unfiltered sample. Iron, Mn, Si, and Al had
significantly greater concentrations in the unfiltered versus filtered samples. There was frequently
more Fe and Al in suspension than in solution in the groundwater.
The concentrations of Zn, Cd, Cu, Fe, Mn, Al, and Si in filtered and unfiltered samples
were compared using the Mann-Whitney test. The comparisons were between 5-foot wells inside
and outside the DSDA (table 13) and between depths for wells inside the DSDA (table 14).
Unfiltered samples from 5-foot wells outside the DSDA had significantly greater concentrations
of Fe and Al than inside the DSDA. The median values for Si and Mn were also greater outside
the DSDA although the differences were not significant. There were no significant differences for
the 10-foot wells. Inside the DSDA, concentrations in unfiltered samples were significantly
greater as a function of depth in several instances. Zn was significantly greater in 5 and 10-foot
wells compared to 15-foot wells. Fe was significantly less in 5-foot wells compared to 10- and
15-foot wells. Mn was significantly greater in 15-foot wells compared to 5- and 10-foot wells. Si
was significantly greater in 10- versus 5-foot wells. No significant differences were found
between 5- and 10-foot wells outside the DSDA for any element.
The high levels of suspended material suggest that colloidal transport may be an important
mechanism for movement of Zn. Suspended Zn appears to be most closely associated with
suspended Fe and Mn. However, the amount of particulate or colloidal material in a groundwater
sample depends on many factors, including aquifer material, well-drilling and well-construction
methods, well development, water chemistry, flow rate during sampling, and filter pore size (0.45
µm; some colloidal material can pass through this pore size). The sampling protocol for this
project was designed for dissolved substances, not colloids. Sampling for colloids involves low
flow rates (Backhus et al. 1993), which would have been impractical.
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Table 13. Rank sum test results for the difference between filtered and unfiltered
 samples comparing inside versus outside the DSDA for 5-foot wells, all dates. 
Values tested are differences in concentration between filtered and unfiltered samples; positive
median values indicate greater concentration in unfiltered sample. P values
 in bold print indicate statistically significant differences (< 0.05).
Element inside DSDA outside DSDA Pn median n median
Zn 9 0.0544 7 0.0121 0.169
Cd 9 0.002 7 BD 0.138
Cu 9 BD 7 BD 0.832
Fe 9 0.0129 7 0.579 0.001
Mn 9 -0.0084 7 0.0432 0.090
Al 9 0.0172 7 0.384 0.017
Si 9 0.0892 7 0.432 0.072
BD = below detection.
Table 14. Rank sum test results for the difference between filtered and unfiltered
 samples comparing well depths for wells inside the DSDA, all dates.
Values tested are differences in concentration between filtered and unfiltered samples;
positive median values indicate greater concentration in unfiltered sample.
P values  in bold print indicate statistically significant differences (< 0.05).
Element 5 ft 10 ft 15 ft 5 vs 10 10 vs 15 5 vs 15n median n median n median P P P
Zn 9 0.0544 10 0.0664 16 BD 0.838 0.031 0.014
Cd 9 0.002 11 BD 16 BD 0.286 0.980 0.125
Cu 9 BD 11 BD 16 BD 0.939 0.413 0.570
Fe 9 0.0129 11 1.515 16 0.286 0.023 0.098 0.001
Mn 9 -0.0084 11 -0.0926 16 0.204 0.595 0.041 0.014
Al 9 0.0172 11 0.209 16 0.0610 0.080 0.336 0.119
Si 9 0.0892 11 0.973 16 0.407 0.033 0.444 0.058
BD = below detection.
Well Nest 16
The water chemistry at well nest 16 was different than all of the other well nests inside the
DSDA. For the other well nests, Zn concentrations were greatest in the 5-foot wells and lowest in
the 15-foot wells (also true outside the DSDA). At well nest 16, Zn concentrations were greatest
in the 10-foot well (16-10P) (except July 1999). The rest of the water chemistry in 16-10P was
also unusual compared to the other wells. It had, by far, the greatest specific conductance values,
50% greater than any other well and over 300% greater for some wells. The concentrations of
some of the major ions (SO42-, Ca, and Mg) were usually greatest in 16-10P. Iron (70 - 110 mg/L)
and Mn (10 - 20 mg/L) were much higher in 16-10P than any other well. Some of the minor ions
also tended to be higher in well 16-P, although not as much as the solutes noted above.
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The geology and hydrology at and near site 16 may explain the unusual chemistry found
here. The core descriptions indicate the presence of several layers of sand between depths of 0.4
and 6 feet (see appendix B). No significant sand layers were found at this shallow depth at any
other site inside the DSDA. Steeper hydraulic gradients were also consistently measured in this
area, both horizontally and vertically (see Groundwater Level Measurements section). The
presence of sand likely indicates relatively greater hydraulic conductivity; this, along with a
steeper gradient, suggests the potential for more rapid transport of solutes. The relatively elevated
concentrations of dissolved solids may also indicate differences in the chemistry of the dredged
lake sediments deposited in this area.
Leaching Experiments
The results of the leaching experiments using artificial river water are shown in figure 25;
complete results are found in appendix G. Only shallow cores were used in the experiments, with
a mean depth no greater than approximately 160 cm (~5 ft). Thus results from the experiments are
most comparable to field results from the 5-foot wells.
For cores 12 and 15 (inside the DSDA), the greatest aqueous concentrations for Zn, Cd,
Cu, and Ba were from the shallowest sections (< 20 cm mean depth). The lower two sections had
concentrations similar to all three depths of core 7, which was taken outside the DSDA. The
single section from core 13 (inside the DSDA < 20 cm mean depth) had aqueous Zn and Cu
concentrations similar to cores 12 and 15 at depths > 20 cm. Aqueous Mn concentrations
decreased with depth for core 12. For cores 15 and 7, Mn concentrations decreased from the
shallowest to the intermediate depth, but increased for the greatest depth. No significant
differences among any of the cores at any depth were found for Cr or Fe.
The aqueous concentrations were also plotted as percentages of the elements in the solid
phase (figure 26). The greatest percentages dissolved for cores inside the DSDA were for Mg (5 -
9 %) and Mn (2 - 6 %). A very small percentage of the solid phase Fe was dissolved (< 0.003%).
Zn and Cd had opposite behaviors as a function of depth. The percentage of Zn dissolved at the
shallowest depth was lowest (< 0.5%), and highest at the greatest depth (~2 %). Barium showed a
similar trend, with the smallest percentages dissolved at the shallowest depths and greater
concentrations at the lower two depths. Between 0.5 and 1.6 % of the total Cd was dissolved for
the shallowest section, but its aqueous concentration was always below detection at greater
depths. The percentage of Cr dissolved also appears to be greatest at shallowest depths, but the
relationship is less apparent. Cu showed no depth relation, with between 0.7 and 0.9 % dissolved
at all depths.
The leaching test data were compared to aqueous concentrations measured in the 5-foot
wells. The best comparison is probably with early October data or unflooded data (July) when
conditions were more likely to have been less reducing than when the site had been flooded for
awhile (February and December 1999). Based on these comparisons, about half of the dissolved
Zn and Cd can be accounted for by leaching, suggesting desorption was a major control for Zn
and Cd. About 25% of the Mn, less than 25% of the Cu, and less than 1% of the Fe can be 
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Figure 25. Results from leaching experiments for various metals as a function of core depth.
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Figure 26. Percentages of elements in solid phase dissolved in leaching experiments.
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accounted for by leaching, suggesting that mineral dissolution may be more significant than
desorption for these elements in the DSDA. These experiments do not account for any microbial
activity or potential reactions occurring after desorption such as re-adsorption or mineral
precipitation.
Chemical Equilibrium Modeling
Metals, including Zn, Cd, Cu, and Pb, were found in high concentrations in the surface
soils inside the DSDA. The leaching experiments showed that significant amounts of the metals
can be dissolved in artificial river water. However, the metals were not found in groundwater
immediately outside the dike. In this section some chemical reactions that may keep the metals
inside the DSDA are considered. Chemical-equilibrium calculations are presented to test the
hypotheses.
The chemical processes that may retard the movement of metals beneath the DSDA
include: (1) precipitation of insoluble salts or oxides (e.g., CuO, CdCO3); (2) coprecipitation with
other solids (e.g., FeS, CaCO3); and (3) sorption, which includes ion exchange and surface
complexation. Chemical equilibrium calculations may indicate which processes are responsible
for keeping the metals inside the DSDA. For precipitation, the only assumption necessary is that
all important reactions have been considered. For coprecipitation and sorption other assumptions
and approximations are needed.
Precipitation of Metal Salts
At equilibrium, the activities (idealized concentrations) of the ions that make up a mineral,
such as otavite (CdCO3) are related by a mass-action equation, which states that the product of the
ion activities raised to the power of their stoichiometric coefficients is constant. The equilibrium
constant is called the solubility product. The dissolution of CdCO3 is described by:
22
3 3( )CdCO s Cd CO
−+ +U (2)
The mass-action equation is given by:
22
3{ }{ }soK Cd CO
−+= (3)
where Kso is the solubility product and braces indicate activities. (The stoichiometric coefficients
of both Cd2+ and CO32- are 1.) The activity of an ion is related to its concentration (indicated by
square brackets) by its activity coefficient (γi):
2
2 2{ } [ ]CdCd Cdγ ++ += (4)
The activity coefficient depends on the ion, temperature, and ionic strength (Stumm and Morgan,
1991). The equation for the saturation index (SI) of CdCO3 is obtained by combining equations
(3) and (4):
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At equilibrium, SI equals zero and the water is said to be saturated with respect to otavite. If the
SI is greater than zero, the water is oversaturated and otavite will tend to precipitate. If SI is less
than zero, the water is undersaturated and otavite would be expected to dissolve (Nordstrom and
Munoz, 1986).
Saturation indices are useful because they indicate which minerals may or may not be
present in an aquatic system. They may also indicate which processes control the concentrations
of the ions of interest. At the DePue site, the ions of interest include Zn2+, Cd2+, Pb2+, and Cu2+. In
principle, a saturation index whose value is not exactly zero indicates disequilibrium. However,
several factors contribute to the uncertainty in an SI calculation. There are uncertainties in
analyses and in equilibrium constants. The activity coefficients and temperature adjustments to
equilibrium constants are based on approximations. Therefore, if a saturation index of a Zn-, Cd-,
Pb-, or Cu-containing mineral is “close to” zero we assume that the mineral may be present and
controlling the solubility of the metal. Clearly, the use of saturation indices in interpreting
geochemical data is subject to some uncertainty.
If the saturation index of a mineral is near zero, that indicates that the mineral may be
present, but it does not prove that the mineral is present. Conversely, a saturation index that is
significantly different from zero does not necessarily mean that the mineral is not present. Some
precipitation and dissolutions reactions are very slow, especially at temperatures and pressures
found near the Earth surface. Positive identification is only possible by x-ray diffraction or
another method that uniquely identifies the mineral of interest.
Metal ions form complexes with many anions found in groundwater, including carbonate,
hydroxide, and chloride. In “descriptive mode,” MINEQL+ uses the pH, temperature, and total
concentrations of metals and anions to compute free (not bound to other ions) ion concentrations
and saturation indices. The total carbonate concentration was calculated from the alkalinity and
pH. The alkalinity (Alk) is closely approximated for pH values between 6 and 8 in most natural
waters by:
2
3 3[ ] [ ] 2[ ]Alk HCO CO
− −+ (6)
The mass balance equation for total carbonate (CT) is given by:
2
3 3 2 3[ ] [ ] [ *]TC CO HCO H CO
− −= + + (7)
where [H2CO3*] is [H2CO3E] + [CO2(aq)] (Stumm and Morgan, 1991). The concentrations of the
carbonate species are related by equations (8) and (9):
3
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H CO
γ γ+ −−+= (8)
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where Ka1 and Ka2 are equilibrium constants. For equation (7), the activity coefficient of H2CO3*
is assumed to be zero because it is uncharged (Stumm and Morgan, 1991). Combining equations
(5), (6), (7), and (8) gives an equation that expresses the total carbonate concentration as a
function of the alkalinity and pH:
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where Ka1N is Ka1/(γH+)(γHCO3-) (from equation (7)) and Ka2N is (Ka2)(γHCO3-)/(γH+)(γCO32-) (from
equation (9)). Values for Ka1 and Ka2 were taken from Plummer and Busenberg (1982).
All groundwater samples from wells inside the DSDA that had complete analyses (metals,
pH, anions, and alkalinity) were modeled. If a metal or anion was undetectable, its concentration
was assumed to be the MDL. Therefore, some of the SI values are upper bounds of the true
values. Table 15 presents the MDL values, number of samples with detections out of 106
samples, and the number of minerals considered for Zn, Cd, Cu, and Pb. SI values in the range -1
to 1 were considered to be close to saturation.
The saturation indices for hydrous zinc carbonate (ZnCO3@H2O) are shown in Figure 27.
All of the SI values were less than zero. As one would expect, the highest SI values were for
wells 17-5P, 16-10P, 15-5P, and 14-5P, the wells with the highest Zn concentrations. Most of the
SI values for these wells were between 0 and -1, while the SI values for the other wells were less
than -1. The SI values for all other Zn-containing minerals, including smithsonite (ZnCO3) and SI
values for these wells were between 0 and -1, while the SI values for the other wells were less
than -1. The SI values for all other Zn-containing minerals, including smithsonite (ZnCO3) and
hydrozincite (Zn5(OH)6(CO3)2), were less than those for ZnCO3@H2O for every sample. Therefore,
ZnCO3@H2O may have been present in the areas of highest Zn concentration.
Table 15. Method detection limits, number of samples with detections,
 and number of minerals considered in chemical equilibrium modeling
Metal MDL (mg/L) Samples withconcentration > MDL Number of minerals
Zn 0.008-0.011 85 19
Cd 0.011-0.019 20 14
Cu 0.005-0.011 31 13
Pb 0.063-0.100 0 18
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Figure 27. Saturation indices for ZnCO3@H2O for wells inside the DSDA, all sampling dates.
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The SI values for otavite (CdCO3) were all between 0 and 1. The Cd concentration was
below the detection limit in roughly 80% of the samples, so the SI values for those samples were
upper bounds. However, Cd was detected in the other 20% of the samples, so the SI values for
those samples were valid. Therefore, otavite may have been present at all sites inside the DSDA.
The SI values for all other Cd minerals considered were all well below -1.
The SI values for cerrusite (PbCO3) were all between -0.7 and -0.4, assuming the Pb
concentration to be the MDL. However, the actual Pb concentrations were probably less than the
MDL values. Therefore, PbCO3 precipitation was unlikely. The saturation indices of all other Pb-
containing minerals were less than those for PbCO3.
The SI values for tenorite (CuO) were all between -0.3 and -3.0. Tenorite may have
precipitated in some isolated sites at certain times. The saturation indices of all other Cu-
containing minerals were less than those for CuO.
Sorption and Coprecipitation
The groundwater inside the DSDA was near equilibrium with calcite. The calcite
saturation index was between -0.6 and 0.6 in all samples; therefore, calcite may have been present
at all sites. Several divalent metal ions, including Zn2+ and Cd2+, sorb to calcite (Comans and
Middleburg, 1987; Zachara et al., 1991). The following discussion is based on the results of
Zachara et al. (1991). Sorption of Cd2+ and Zn2+ to calcite are described fairly well by Freundlich
isotherms:
2[ ]nk M +Γ = (11)
where [M] is the concentration of the metal in solution, Γ is the concentration of the metal sorbed
on the solid phase (mol/g), and k and n are empirical constants. The pH value for the sorption
experiments was 7.4, which is fairly close to the pH values measured in the DSDA. The dissolved
metal concentrations were approximately 1x10-8 M to 2.5x10-5 M (2 mg/L) for Zn and 
experiments was 7.4, which is fairly close to the pH values measured in the DSDA. The dissolved
metal concentrations were approximately 1x10-8 M to 2.5x10-5 M (2 mg/L) for Zn and 1x10-9 M to
1x10-6 M (0.11 mg/L) for Cd. Thus, all of the measured Cd concentrations and many of the
measured Zn concentrations measured in samples from the DSDA were bracketed by the sorption
isotherms. The parameters k and n were estimated from Figure 4 of Zachara et al. (1991). The
values of k for Zn and Cd are approximately 1.8x10-5 and 0.16, respectively. The values of n for
Zn and Cd are approximately 0.5 and 1.0, respectively.
The amount of metal that sorbs to CaCO3 in a soil-water system clearly depends on both
the dissolved metal concentration and the amount of CaCO3 present. The amount of CaCO3 in soil
from one site inside the DSDA was estimated from the amount of Ca extracted by an acetate
buffer as 0.4% (Holm, 2000). Table 16 presents some calculations based on equation (10). The
soil density and porosity were assumed to be 2.6 g/cm3 and 20%. Calculations were performed for
soil CaCO3 contents of 0.1% and 1%, which bracket the value estimated from extraction, and for
Zn concentrations which bracket the observed Zn concentrations in DePue groundwater. Total Zn
in the last two columns is dissolved plus sorbed Zn. For example, for a system 
72
Table 16. Estimates of sorption of Zn2+ to calcite in DePue soil
Dissolved Zn Sorbed Zn (mol/g) Sorbed Zn (% of total Zn)
(mol/L) (mg/L) 0.1% CaCO3 1% CaCO3 0.1% CaCO3 1% CaCO3
1x10-6 0.065 1.9x10-7 1.9x10-6 16 66
1x10-5 0.65 5.9x10-7 5.9x10-6 6 37
1x10-4 6.5 1.9x10-6 1.9x10-5 2 16
containing 1x10-5 M dissolved Zn and soil containing 1% CaCO3, the sorbed Zn concentration
(5.9x10-6 M) would be 37% of the total Zn concentration (1x10-5 + 5.9x10-6 M). Sorption to
CaCO3 may be a significant sink for Zn leached from surface soil, but probably is not the only
process that retains Zn in the DePue DSDA. Similar calculations indicate that sorbed Cd would
account for 50% of the total Cd for 0.1% CaCO3 and 94% of the total Cd for 1% CaCO3 for all Cd
concentrations between 1x10-9 M and 1x10-6 M. Therefore, sorption to CaCO3 may be a
significant sink for Cd in the DePue DSDA.
In the sorption experiments cited above, crystals of pure CaCO3 were mixed with
solutions containing Zn, Cd, or other metals. Another possible process for the incorporation of a
metal M (M … Ca) into calcite is coprecipitation of MCO3 and CaCO3 from homogeneous
solution. This involves the formation of a solid solution of MCO3 in CaCO3 (Stumm and Morgan,
1991). The compositions of the solid and aqueous phases at equilibrium are related by:
2
2
[ ]
[ ]
M
Ca
X CaD
X M
+
+= (12)
where D is a constant called the distribution coefficient and X indicates a mole fraction (XCa +XM
= 1). For Cd, the value of D is between 1000 and 4500 (Tesoriero and Pankow, 1996). Stumm and
Morgan (1991) present an example calculation that shows that the dissolved Cd concentration in
equilibrium with a solid phase that is 5% CdCO3 and 95% CaCO3 can be much lower than for
100% CdCO3. Mahoney (1998) showed that equation (12) may underestimate the dissolved Cd
concentration and presented an alternate model. However, even by the alternate model, the final
dissolved Cd concentration was lower than the concentration in equilibrium with CdCO3.
Therefore, even if the dissolved Cd concentrations were more than an order of magnitude lower
than the MDL, the observed Cd concentrations would be in the range expected for coprecipitation
of CdCO3 and CaCO3. Therefore, coprecipitation of CdCO3 and CaCO3 may be responsible for
retaining Cd inside the DSDA.
Clearly, the metal concentration calculated from equation (12) depends on the
composition of the precipitate and the value of D. For Zn, the value of D is estimated to be
between 5.6 and 20.0 (Glasner and Weiss, 1980). Table 17 presents calculations of XZn based on
equation (12). The Ca concentration was 5x10-3 M (200 mg Ca/L, the median value for DePue
groundwater) and the amount of CaCO3 precipitating was 1x10-4 mol/L (2% of the dissolved Ca,
10 mg CaCO3/L). As in table 16, the total Zn in the last two columns represents precipitated plus
dissolved Zn. These calculations indicate that coprecipitation may be a significant sink for Zn, but
probably is not solely responsible for retaining Zn in the DSDA.
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Table 17. Estimates of Zn coprecipitated with CaCO3
Dissolved Zn (M) Mole fraction of ZnCO3 ZnCO3 as percent of total ZnD = 5.6 D = 20 D = 5.6 D = 20
1x10-6 0.0011 0.004 10 29
1x10-5 0.011 0.04 10 28
1x10-4 0.08 0.37  7 27
Many metal ions, including Zn and Cd, sorb to hydrous ferric oxide (HFO) (Dzombak and
Morel, 1990, and references therein). As with CaCO3, the amount of metal sorbed to HFO
depends in part on the amount of HFO present. Based on extraction of a surface soil from the
DSDA with hydroxylamine hydrochloride, the Fe content was 0.5% (Holm, 2000). Sorption
calculations were performed using the model developed by Dzombak and Morel (1990) assuming
a porosity of 20% and density of 2.6 g/cm3, as for CaCO3 sorption, and pH and ionic strength
values representative of DePue groundwater. (The model is included in MINEQL+ (Schecher and
McAvoy, 1998)). Iron contents of 0.1% and 1% were assumed to bracket the amount in the soil.
The total Zn concentration was 1x10-4 M (6.5 mg/L). The model predicted that over 99% of the
Zn would be sorbed even at the lower HFO content. It appears that sorption to HFO may be a
significant sink for Zn in the DePue DSDA, depending on the HFO content of the sediment.
Metals that form sulfides that are less soluble than FeS, including Zn2+ and Cd2+, displace
Fe2+ from FeS to form more insoluble phases (Coles et al., 2000). If FeS is present beneath the
DePue DSDA, then it may retain essentially all of the Zn and Cd leached from surface soil.
Unfortunately, the groundwater analyses do not unequivocally indicate the presence or absence of
FeS. Sulfide was not detected in any groundwater sample by colorimetry (MDL 0.1 mg S/L).
However, an unmistakable H2S odor was detected in some acidified samples. The odor threshold
for H2S in water is 0.025-0.25 mg/L (Cruse and Pomeroy, 1969), which is at or below the
detection limit of the sulfide analytical method used. However, solubility calculations may
indicate whether FeS could have been present. The dissolution of FeS and dissociation of H2S are
described by:
2FeS H Fe HS+ + −+ +U (13)
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The solubility products for mackinawite and troilite, two forms of FeS, are 2.5x10-4 and
5.6x10-6 (Davison, 1991). The sulfide concentration in equilibrium with FeS depends on the form
of FeS present, the pH, and the Fe2+ concentration. For DePue groundwater, the pH varied over a
narrow range of 6.6 - 7.0. The Fe concentration, on the other hand, ranged from approximately
0.01 - 100 mg/L. The dissociation constant of H2S (Ka1) is approximately 1x10-7, so the
concentrations of H2S and HS- are approximately equal at the pH values of DePue groundwater.
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Table 18 presents the total sulfide concentrations (HS- + H2S) in equilibrium with mackinawite
and troilite for pH 7 and 0.01 - 100 mg Fe/L.
Table 18. Dissolved sulfide concentrations in equilibrium with two forms of FeS at pH 7
FeS Mineral Dissolved Fe Concentration (mg/L)0.01 1 100
Mackinawite 9.0 0.09 0.0009
Troilite 0.2 0.002 0.00002
For some combinations of Fe concentration and the form of FeS, the dissolved sulfide
concentration was below the odor threshold. Therefore, there may be FeS in DePue soil/sediment.
There may be a cyclic process in which FeS is oxidized immediately after flooding and then
precipitates months later when the system becomes reducing. If FeS is present it may account for
Zn and Cd leached from surface soil.
Chemical equilibrium modeling indicates that many different reactions are capable of
keeping Zn, Cd, and other metals inside the DSDA. For Cd, otavite precipitation and
coprecipitation with calcite are the most likely reactions. For Zn, coprecipitation with calcite and
sorption to hydrous ferric oxide are the most likely reactions. Precipitation of sulfides may also
occur.
Soil Chemistry Results
Soil Cores
Concentrations of selected metals in the soil inside the DSDA are shown in figure 28. In
general, concentrations of Zn, Cd, Cu, Pb, and Ba, the primary metal contaminants in the lake
sediments (Cahill and Bogner, 1999), decreased with depth. There were elevated concentrations
to depths of between 200 and 300 cm for these metals. Concentrations of Zn, Cd, Cu, and Pb
dropped to very low concentrations at greater depths. Chromium and Ni decreased with depth like
the other toxic metals, but not as dramatically. In contrast, Fe and Mn concentrations had little or
no relation with depth. Magnesium concentrations were bimodal; concentrations were fairly
uniform to a depth of approximately 250 cm, then increased rapidly by 5000 to 15000 mg/kg.
Below 300 cm, concentrations were again fairly uniform.
The profiles of metals were similar for sites 12, 13, 14, 15, and 17, but the core taken from
site 16 was an exception. At site 16, the greatest concentrations for the toxic metals were between
150 and 200 cm depth, and the concentrations at shallower depths were less than at the other sites
(figures 28 and 29). The maximum concentrations at site 16 were similar to the maximum
concentrations from other sites that were found nearer the surface. Other elements were also
depleted in the top 200 cm at site 16 when compared with the other sites (Fe, Mn, Mg, Ni). There
appears to be enhanced leaching of metals in the shallow soil at site 16. These data compare
favorably with the groundwater chemistry data at site 16, where the greatest metal concentrations
were found in the 10-foot well.
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Figure 28. Concentrations of metals in soil cores from inside the DSDA.
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Figure 29. Zn concentrations from cores from inside DSDA. Data from sites 12-15 and 17 are
combined in box-and-whisker plots.
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Total organic carbon (TOC) had a similar pattern to that of the metals, being greatest near
the surface as would be expected. Again, however, the pattern was different at site 16 (figure 28).
TOC concentrations were relatively depleted in the top 100 cm, but it was extremely high at the
150 to 200 cm depth, as was observed for the toxic metals. This suggests that organic matter is
playing an important role in the transport of the metals at this site, as other investigators have
observed elsewhere (Gerritse et al., 1982; Darmody et al., 1983; Christensen, 1985; Camobreco et
al., 1996).
Figure 30 presents the pH values and cation-exchange capacities (CEC) for soil samples
collected from various depths inside and outside the DSDA. The data in tabular form are found in
appendix H. The CEC values are mostly in the range typical of illites (Truesdell, 1972; Drever,
1982). There were no apparent differences in CEC values for dredged sediment (0 - 40 cm), soil
below the dredged sediment (80 - 100 cm), and background soil (all depths).
Comparison with Lake Sediment Data
Cahill and Bogner (1999) sampled Lake DePue sediments in 1998. Two cores to depths of
64 and 70 cm were taken from the zone where dredging was done in 1982 (cores LD1 and LD2).
Dredging was done to a depth of 1 m in 1983. Analyses were done for 5 cm segments for the
lengths of the cores. The average Zn concentration for these cores was 7200 mg/kg (range: 3400 -
11900); the average Cd concentration was 39 mg/kg (range: 18.3 - 76.4). The average Zn:Cd
weight ratio was 187. Four of the 5 cm subsamples were also analyzed for other constituents,
three from LD2, one from LD1. The average concentrations for the toxic metals were 92 mg/kg
Pb, 195 mg/kg Cu, 167 mg/kg Ba, and 40 mg/kg Cr. If it is assumed that the lake sediment
concentrations have not changed significantly in the 16 years between dredging and Cahill and
Bogner’s 1998 sampling, then this material is representative of what was deposited inside the
DSDA. It is possible that the sediment dredged in 1982 had significantly different concentrations
of metals than measured by Cahill and Bogner (1999), but there are very few data to assess this. A
single core sample collected in 1975 had higher concentrations of Pb and Cd and 
lower concentrations of Zn and Cu than the 1998 cores, but the core was only taken to a depth of
15 inches (~40 cm) (Lee and Stall, 1976).
In the DSDA soils, the concentration ratios for the toxic metals Zn, Cd, Cu, Pb, and Ba
were fairly constant, regardless of depth or location (table 19). Even site 16 had ratios in line with
the other sites; except for Zn:Cu, all ratios fall within the range of values for the other sites (figure
31). Differences in ratios between the lake sediments and soil cores can be indicative of
differences in the relative mobilities of the toxic metals (table 20). For example, there was less Zn
relative to Cd in DSDA soil versus lake sediment, suggesting Zn was more mobile or Cd more
retarded relative to the other elements in the DSDA environment (figure 32). The order of
decreasing mobility within the DSDA of the toxic metals, based on the concentration ratio
differences between lake sediments and DSDA soils, was Zn > Cu > Cd > Ba $ Pb. The two main
mechanisms for metal removal were presumably plant uptake and leaching to groundwater.
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Figure 30. Soil pH and CEC values.
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Table 19. Elemental ratios by weight for cores collected from the DSDA, 
based on linear regressions. Regression coefficients (r2) are in italics.
Zn:Cd Zn:Cu Zn:Pb Zn:Ba Pb:Cd Pb:Cu Ba:Pb Cu:Cd Ba:Cu Ba:Cd Fe:M
n
12 57.3 24.5 8.33 6.00 6.50 2.95 1.45 2.02 3.91 9.43 29.9
0.992 0.837 0.933 0.814 0.948 0.902 0.802 0.883 0.944 0.848 0.417
13 58.3 24.4 11.2 4.93 4.82 2.45 2.35 1.52 5.10 11.6 14.3
0.984 0.609 0.918 0.855 0.925 0.847 0.873 0.656 0.759 0.894 0.311
14 64.7 21.2 5.89 6.23 10.3 3.59 1.05 2.86 3.06 10.3 24.4
0.993 0.947 0.949 0.941 0.916 0.995 0.807 0.917 0.815 0.959 0.335
14-3 69.1 18.6 6.12 11.1 11.2 3.06 0.535 3.62 1.52 6.06 40.4
0.991 0.957 0.977 0.853 0.993 0.997 0.922 0.980 0.936 0.905 0.669
15 60.2 31.0 10.2 6.78 5.58 3.09 1.69 1.70 4.22 9.01 3.65
0.987 0.852 0.925 0.928 0.947 0.948 0.790 0.886 0.784 0.908 0.038
16 65.2 59.4 20.8 10.5 2.71 2.54 1.84 1.06 3.93 6.99 21.1
0.945 0.946 0.888 0.662 0.792 0.847 0.855 0.936 0.694 0.551 0.291
17 57.2 32.7 19.4 8.11 2.61 1.68 2.53 1.42 3.98 7.19 2.20
0.962 0.823 0.878 0.910 0.855 0.936 0.929 0.767 0.884 0.913 0.007
All 57.2 23.8 7.14 6.66 7.15 3.23 1.24 2.22 3.16 9.52 11.3
0.962 0.821 0.801 0.816 0.788 0.963 0.765 0.821 0.784 0.838 0.157
lake
sed.†
157 33.3* 67.0* 37.3* 2.86* 0.500*
0.885
† Cahill and Bogner (1999)
* Average of 4 ratios
Table 20. Element ratios by weight in lake sediment
(Cahill and Bogner, 1999) and DSDA soil cores
Zn
Ba lake sediment 37.3DSDA 6.66 Ba
Pb lake sediment 67.0 1.88DSDA 7.14 1.24 Pb
Cu lake sediment 33.3 0.933 0.500DSDA 23.8 3.16 3.23 Cu
Cd lake sediment 187 5.44 2.86 5.71DSDA 63.5 9.52 7.15 2.22
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Figure 31. Element rations (wt:wt) for cores from inside the DSDA. Data from sites 12-15 and 17
are combined in box-and-whisker plots.
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Figure 32. Zn and Cd concentrations in soil cores inside DSDA and Lake DePue sediments
(Cahill and Bogner, 1999).
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The relative mobilities observed for the DSDA were different than those observed in other metal-
contaminated soils. Steenhuis et al. (1999) measured relative mobility in sludge/soil mixtures, and
determined Cd > Cu > Zn. Sauvé et al. (2000) summarized over 70 studies of metals in soil, and
determined a relative mobility of Cd > Ba > Cu > Zn > Pb. Christensen et al. (2000) found that
Cu and Zn had similar mobilities at circumneutral pH in sandy aquifers. McBride et al. (1997)
determined relative mobilities of Cu > Cd > Zn > Pb at a site where soil was amended with sludge
for 15 years. It is apparent that site-specific conditions greatly influence the relative mobility of
metals.
In most previous studies, Cd was more mobile than Zn, which is the opposite of what was
observed at the DePue DSDA. This may reflect the difference in redox conditions between
unflooded soils in the cited studies and DePue, where flooding potentially causes more reducing 
conditions. Zn also was present in much greater concentrations than Cd, which might have led to
greater concentrations in solution and greater mobility.
The average Zn and Cd concentrations in the top meter of Lake DePue sediments, the
estimated depth of dredging in 1982, was estimated from Cahill and Bogner’s 1998 core data to
be approximately 6400 and 37 mg/kg, respectively.  The average concentrations of Zn and Cd in
the top 2 m of the DSDA were approximately 1990 and 31 mg/kg.  These estimates suggest that
there was more Cd in the DSDA soils than was estimated to be in the initial dredge spoils while
more than one-third of the Zn from the dredge spoils was unaccounted for in the DSDA.  While
these estimates are based on assumptions that may be questionable, e.g., that the lake sediment
chemistry did not change between 1982 and 1998 and the 2 lake-sediment cores and 6 cores from
inside the DSDA are representative of each location, they do suggest that Zn has been more
mobile than Cd inside the DSDA and that Zn has been lost from the soils. There are fewer lake
sediment data for Cu and Pb from which to make a comparison. Assuming constant
concentrations in the top 1 m of lake sediment, the amount of Cu was slightly less in the DSDA
than in the lake sediments. There was considerably more Pb in the DSDA soils than in the lake
sediments (~ 3 times); this discrepancy may be due to the paucity of lake-sediment data. It is also
possible that the sediment dredged in 1982 had significantly different concentrations of metals
than measured by Cahill and Bogner (1999).
Comparison Between Inside and Outside the DSDA
Soils from inside the DSDA had greater concentrations of Zn, Cd, Cu, Pb, Ba, and Hg in
the top 200 cm than soils from just outside the DSDA (figure 33). The highest soil concentrations
of Cu, Pb, and Hg at sites 12, 13, 14, 15, and 17 were at the surface and decreased rapidly with
depth. The highest Zn, Cd, and Ba soil concentrations at these sites were also at the surface, but
the concentrations decreased more gradually with depth than for Cu, Pb, and Hg. The
concentration profiles of all six metals were different at site 16, with the maximum concentrations
between 125 and 200 cm.
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Figure 33. Concentrations of heavy metals in cores taken inside and outside the DSDA. Cores
outside the DSDA are divided between those just outside the DSDA (sites 5 - 11) and those along
the river (sites 1 - 4) and site 18.
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Data from cores from sites 12, 13, 14, 15, and 17 were compared with data from cores
outside the DSDA (sites 1 - 11 and 18) using the rank sum test (table 21). Data from the top 300
cm of core were divided into four depth groups (0 - 50 cm, 50 - 100 cm, 100 - 200 cm, and 200 -
300 cm). Zinc, Pb, and Ba had significantly greater concentrations inside the DSDA at soil depths
down to 200 cm and Cd down to 100 cm. Copper was significantly greater inside the DSDA in
the 0 - 50 and 100 - 200 cm data sets. There were no significan differences for any of these metals
for the 200 - 300 cm depth. 
Other heavy metals (As, Be, Co, Se, Ag)  also had had significantly greater concentrations
inside the DSDA compared to outside at the 0 - 50 cm depth,  although concentrations tended be
low for both locations (< 15 mg/kg for As and Co, < 4 mg/kg for the others) (table 22). Some of
these metals also had significantly greater concentrations at greater depths as well. Vanadium, on
the other hand, had significantly greater concentrations outside the DSDA at all depths except 100
-200 cm, where there was no significant difference (table 22).
Trends with depth for the major elements analyzed (Mg, Fe, Mn) were less apparent
(figure 34). The greatest concentrations of Mg were found at depths > 300 cm and Fe
concentrations at site 16 were relatively depleted in the top 100 cm. Iron was significantly greater
inside the DSDA between 100 - 200 cm, but there were no significant differences for Fe at any
other depths or for Mn at any depth (table 23). Magnesium was significantly greater outside the
DSDA at all depths.
The core data indicate that the sediment inside the DSDA were still contaminated by the
Lake DePue dredge spoils when these cores were collected, 15 years after the dredge spoils had
been emplaced. The contamination extended to depths of 200 cm for many of the toxic metals,
which is considerably greater than the estimated initial depth of the dredge spoils inside the
DSDA (75 - 100 cm). The 5 and 10 foot wells inside the DSDA were screened in this
contaminated zone. However, except for Zn and occasionally Cd, aqueous concentrations of toxic
metals were not significantly greater inside versus outside the DSDA, and were often not detected
(see Water Chemistry Results section).
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Table 21. Rank sum test results for toxic metals from cores taken outside vs. inside the DSDA.
Median concentrations in mg/kg. P values in bold print
 indicate statistically significant differences (< 0.05).
Depth
(cm)
DSDA
Location N
Zn Cu Cd Pb Ba
median P median P median P median P median P
0-50
Outside 22 358
<0.001
60.6
<0.001
6.38
<0.001
74.9
<0.001
233
<0.001
Inside 22 3980 106 62.0 274 748
50-100
Outside 15 516
<0.001
77.3
0.645
8.40
<0.001
95.2
0.001
277
0.006
Inside 13 2320 77.0 38.4 165 607
100-200
Outside 21 226
0.016
32.1
0.032
2.02
0.06
41.0
0.028
157
0.011
Inside 17 409 58.5 4.20 69.0 255
200-300
Outside 15 70.9
0.393
16.4
0.075
0.855
0.864
12.5
0.15
136
0.608
Inside 12 80.7 20.1 0.785 13.2 130
Table 22. Rank sum test results for selected heavy metals from cores taken outside vs. inside
the DSDA. Median concentrations in mg/kg. P values in bold print
 indicate statistically significant differences (< 0.05).
Depth
(cm)
DSDA
Location N
As Be Co Se Ag V
median P median P median P median P median P median P
0-50 Inside 22 14.3 <0.001 1.13 <0.001 13.2 <0.001 3.10 <0.001 2.10 <0.001 33.9 0.050
Outside 22 11.7 0.817 11.4 0.970 1.54 54.4
50-100 Inside 13 14.2 0.549 1.16 0.056 12.2 0.034 1.61 <0.001 1.80 0.420 42.7 0.140
Outside 15 14.7 0.925 11.1 0.809 2.14 55.0
100-200 Inside 17 11.1 0.747 1.10 <0.001 11.0 0.006 0.895 0.133 1.35 0.150 34.3 0.040
Outside 21 9.63 0.692 9.01 0.400 0.950 42.4
200-300 Inside 12 4.65 0.005 0.991 0.012 10.9 0.479 <0.08 0.980 <0.08 0.246 29.0 0.001
Outside 15 6.19 0.650 10.2 <0.08 <0.08 43.6
Table 23. Rank sum test results for major elements from cores taken outside vs. inside the DSDA.
Median concentrations in mg/kg. P values in bold print
indicate statistically significant differences (< 0.05).
Depth
(cm)
DSDA
Location N
Mg Mn Fe
median P median P median P
0-50
Outside 22 13800
<0.001
632
0.201
31950
0.360
Inside 22 11050 664 32500
50-100
Outside 15 13600
0.003
627
0.678
33300
0.800
Inside 13 11400 664 31900
100-200
Outside 21 14400
<0.001
591
0.218
27200
0.018
Inside 17 11100 646 31900
200-300
Outside 15 15100
0.010
611
0.102
23900
0.807
Inside 12 7500 754 26050
87
Mg (mg/kg)
0 8000 16000 24000 32000
D
ep
th
 (c
m
)
0
200
400
600
Inside DSDA
16
Outside DSDA
River & 18
Fe (mg/kg)
0 10000 20000 30000 40000 50000
0
200
400
600
Mn (mg/kg)
0 500 1000 1500 2000
D
ep
th
 (c
m
)
0
200
400
600
Figure 34. Concentrations of major elements in cores taken inside and outside the DSDA. Cores
outside the DSDA are divided between those just outside the DSDA (sites 5 - 11) and those along
the river (sites 1 - 4) and site 18.
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Microcosm Results
The complete report of the microcosm experiments is found in appendix E. The results are
summarized below.
Microcosms for sites 12 and 14 are perhaps the most useful sites to analyze the potential
effects of microbial growth on the solubilities of metals because they had the most noticeable
differences between the sulfate-amended and anaerobic conditions. The results indicate the
successful simulation of a sulfate-reducing environment and an iron-reducing environment with
these two microcosm types. The difference was most apparent in the Zn and Mn data (figures 
35 - 38). Zinc disappeared much more quickly in the sulfate-amended microcosms than in the
anaerobic microcosms, while Mn leveled off in the sulfate-amended microcosms but increased for
the duration of the experiment in the anaerobic microcosms, probably due to Mn reduction. Site
12 microcosms also had a greater difference in ferrous iron concentrations between the iron-
reducing microcosms and the sulfate-amended microcosms, indicating a shift from iron reduction
as the major terminal electron accepting process (TEAP) to sulfate reduction as the major TEAP.
Although sulfate reduction is thermodynamically unfavorable when there is readily
available ferric iron, sulfate reduction can be a major TEAP even in the presence of ferric iron.
Coates et al. (1996) found that even with the addition of synthetic poorly crystalline ferric oxide,
which is readily reducible by a wide variety of iron-reducing bacteria, sulfate reduction persisted
as the major TEAP in their system. This can occur especially when sulfate-reducing bacteria
(SRB) concentrations are high, as was the case for the site 12 sulfate-amended microcosm in the
beginning of the study. Although the site 14 microcosms did not have a detectable number of
SRB, sulfide was detected indicating their presence in this microcosm. A possible explanation is
that the MPN analyses did not correspond to the time of highest biological activity. It is also
possible the medium used for the MPN analysis would not support the growth of all SRB.
According to the data from the sites 12 and 14 microcosms, Zn was highly soluble in
aerobic environments and insoluble in sulfate-reducing environments, while under iron-reducing
conditions Zn was consistently maintained at a higher concentration. The sulfide produced by the
SRB most likely precipitated out of solution with metals such as Fe, Zn, Cd, and Cu, which would
keep dissolved sulfide concentrations low (Evanko and Dzombak,1997; Coates et al., 1996). The
anaerobic microcosm from site 12 had the greatest amount of Zn, as well as the greatest amount
of ferrous iron. Zinc can coprecipitate with hydrous oxides of Fe or Mn (Evanko and Dzombak,
1997). The high concentration of Zn may be attributed to the dissolution of these coprecipitates
by Fe- and/or Mn-reducing microorganisms. Webb et al. (2000) found that Zn was mostly
associated with Fe, P, and Ca in Lake DePue sediments. The release of Fe through microbial
reduction of ferric iron may have released Zn as well, which may be the reason Zn concentrations
were higher in the anaerobic microcosms than the controls.
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Figure 35. Zinc concentration in each microcosm type for sites 12 and 14.
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Figure 36. Zinc concentrations in anaerobic microcosms for sites 12 and 14.
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Figure 37. Manganese concentrations in anaerobic microcosms for sites 12 and 14.
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Figure 38. Manganese concentrations in anaerobic microcosms for sites 12 and 14.
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Manganese was also affected by the sulfate amendment to soil. The sulfide produced by
the SRB may have been greater than the ecosystem was able to handle and the extra sulfide
precipitated the reduced Mn out of solution.
An alternative interpretation of these data is that the major TEAP was iron reduction for
all the active anaerobic microcosms, but the differences in solution composition were due to
chemical reactions of the metals with sulfate and sulfide. The large difference in ferrous iron in
the site 12 microcosm may have been caused by the added sulfate to the system, which reduced to
sulfide. This sulfide may have precipitated out of solution with the ferrous iron as Fe sulfide. Iron
sulfide is black in color and all of the sulfate-amended microcosms developed a black coating on
the glass of the microcosm bottles. The concentration of ferrous iron in the site 12
sulfate-amended microcosms was not significantly different from the other sites. The ferrous iron
concentration in the anaerobic and the aerobic microcosms were higher than the other sites. The
uniformity in the sulfate-amended microcosms may have been due to the addition of the same
amount of sulfate to each system and the ability of that amendment to cause precipitation of iron
sulfide.
In conclusion, the microcosm experiments indicate that the solubilities of Fe, Zn, and Mn
were affected by redox conditions. The greatest difference in solubilities was between aerobic and
anaerobic conditions and more subtly between iron-reducing and sulfate-reducing environments.
Zinc concentrations were high in aerobic systems and lower in anaerobic systems. In the
anaerobic systems, Zn concentrations were higher in iron-reducing conditions than
sulfate-reducing conditions. Manganese concentrations, on the other-hand, were negligible in
aerobic systems but prevalent in all anaerobic systems. Manganese consistently increased in
iron-reducing systems, while it increased and then leveled off in sulfate-reducing conditions. Iron
also had lower concentrations in aerobic systems than in anaerobic systems, but the concentration
of ferrous iron was lower in sulfate-reducing systems than in iron-reducing systems.
The mobilities of the metals in the environment are controlled by the availability of water.
Since Zn was found to primarily be mobile under aerobic conditions, it would be expected to be
most mobile in DePue soils during the early stages of flooding, when the soils are saturated but
before conditions become anaerobic. In contrast, Fe and Mn appear to be quite mobile under
flooded anaerobic conditions.
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CONCLUSIONS
The objective of this study was to examine groundwater conditions in the vicinity of the
DSDA and determine if groundwater could be a conduit for toxic metal contamination of
surrounding ecosystems. There has been movement of metals out of the soil zone and into the
groundwater within the DSDA. However, there is no evidence that contaminated groundwater has
migrated off-site; elevated concentrations of metals were not found in any wells outside the
DSDA at any time. There has been sufficient time since dredging (~ 20 years) for the metals to
have migrated to the wells just outside the DSDA, a distance of less than 50 feet, if they had been
even partially mobilized.
Despite no evidence of metal movement off-site, the observation of some downward
movement coupled with the unusual geochemistry inside the DSDA indicates that there is
potential for future off-site migration of contaminated groundwater. A significant amount of the
Zn has apparently been removed from the DSDA soil, and elevated concentrations were observed
in the 5-, 10-, and 15-foot wells inside the DSDA. Based on the measured potentiometric surfaces
and gradients, this pool of soluble Zn may eventually migrate off-site, barring irreversible
retardation reactions. The rate of transport of Zn at the site is unknown. The results from the
microcosm experiments suggest that chemical conditions favoring movement would be when the
site was saturated and aerobic, which would be during the early stages of flooding; that is also
when physical transport would be expected to be rapid (Kelly and Wilson, 2000). Cadmium, Pb,
and Cu are of less concern than Zn, with most of them associated with the solid phase and little
getting into solution. However, because these metals are much more toxic than Zn, their potential
to be transported should not be ignored.
There are several processes which seem to be controlling metal solubility and transport in
the subsurface at the DSDA: (1) frequent flooding changes the saturation state of the soil and
affects physical transport processes and hydraulic gradients; (2) the changes in pH and redox
conditions due to the frequent flooding and drying cycles affect metal solubility and speciation;
and (3) the high concentrations of redox sensitive elements, especially Mn, Fe, and SO42-, exert
dominance on redox conditions at different times. The complicated geochemical conditions at the
site make long-term prediction of metal behavior difficult. These complications include: (1)
frequent flooding that changes the saturated state of the soil which affects physical transport
processes and hydraulic gradients; (2) the likely presence of preferential pathways in the soil
which can rapidly transport metals to depth under certain conditions; (3) the change in redox
conditions due to the frequent flooding and drying cycles which affects metal speciation and
solubility; (4) the high concentrations of redox sensitive elements, including Mn, Fe, and SO42-,
that may exert dominance on redox conditions at different times; (5) potential changes in solid
phases due to redox changes that will affect sorption reactions; (6) variability in the length of
flood events which may affect the magnitude of redox changes; and (7) the role of colloids in
metal transport.
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RECOMMENDATIONS
Because Zn and, to a much lesser degree, Cd are soluble within the DSDA, it seems
prudent to continue sampling the groundwater inside and outside the DSDA on a periodic basis,
perhaps annually or every other year. There were no observed seasonal differences in Zn
concentrations; therefore, sampling in the summer or early fall, when the site is most likely to be
dry and accessible, would be acceptable. However, the water table should be high enough so that
the screens of the 5-foot wells are in the saturated zone. 
Continued collection of water level data would also be useful for longer term evaluation of
groundwater flow. Estimation of the hydraulic conductivity of the dredged sediments and
underlying alluvial materials by conducting slug tests (Bouwer and Rice, 1976) on several sets of
monitoring wells, coupled with water level measurements, would allow for estimation of water
fluxes through the dikes. 
Installation of additional wells may provide data on potential metals migration rates.
Samples from a set of wells installed at selected locations through the center of the dikes on the
north side of the DSDA may provide metals concentrations from which migration rates out of the
DSDA can be determined. Additional characterization near site 16, where mobilization of metals
has been the greatest, is the area of greatest concern.
The data collected for this study did not allow us to determine with certainty the identity
and significance of processes retarding transport of the metals. To help understand these various
metal retardation processes, we recommend several analyses on freshly collected sediments:
1. Sequential chemical extractions designed for oxic sediments (Tessier et al., 1979).
These may indicate whether carbonate sorption/coprecipitation or sorption to
Fe/Mn oxides is an important sink for leached metals.
2. Determination of acid-volatile sulfide in sediment (Allen et al., 1993). This will
indicate whether FeS is present or not.
3. Chemical extractions designed for sulfide sediments (Huerta-Diaz and Morse,
1990). This will complement the acid-volatile sulfide measurements. It will also
detect pyrite (FeS2) formation.
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Appendix A
Monitoring Well Construction Details
Well Sites 1 - 18
Diked Sediment Disposal Area
DePue Wildlife Management Area, Illinois
Prepared from field notes by Allen Wehrmann, ISWS
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Appendix B
DePue DSDA Core Sample Descriptions
Diked Sediment Disposal Area,
DePue Wildlife Management Area, Illinois
by
Allen Wehrmann, ISWS
Dan Adomaitis, ISGS
Jonathon Talbott, WMRC
Keith Carr, ISGS
Marv Piwoni, WMRC
With contributions from Richard Berg, ISGS
Transcribed and edited from notes taken by Luann Wiedenman, WMRC
Waste Management and Research Center
Sites 12 -17, October 30, 1997
Sites 1 - 4 and 18, September 25, 1998
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Well Site
No.
Core
Depth
Interval
(ft)
Inter-
Core
Interval
(cm)
Interval
Bottom
Depth
(ft)
Description
1 0 - 4 0 - 20 0.66 First four feet sandy, roots to 35 cm, 2.5Y (1) black,
clayey silt, wood chips, 0 - 121 cm reacts to HCl
20 - 29 0.95 Increasing sand content, 2.5Y (5/3) light olive brown
29 - 33 1.08 Sandy layer, laminae
33 - 51 1.67 Clayey silt, same as 0 - 20 cm
51 - 55.5 1.82 Similar to 29 - 33 cm and same color
55.5 - 70 2.30 Silty loam, increasing clay, 2.5Y (1) black
70 - 72 2.36 Fine silty sand similar to 51 - 55.5 cm and similar color
72 - 117 3.84 Clay silt layer, at 91 - 94 cm, well-rounded pebble
entrained in matrix
117 - 121 3.97 Silty, sandy
121 - 127 4.17 Blocky, silty loam, 10YR (3) dark brown
4 - 8 0 - 6 4.20 Blocky, silty loam 10YR (3) dark brown, reacts to HCl
6 - 17 4.56 Sandier, sandy silt, laminae, 2.5Y (4/3) olive brown
17 - 86 6.82 Blocky, silty loam, 2.5Y (1) black, no reaction with HCl,
@ 41 cm root traces, @ 64.5 cm very thin seam of sand
(< 1 mm thick)
8 - 12 0 - 52 9.71 Clay, general organic swampy odor throughout core, 2.5Y
(1) black, negative for HCl, contains small black specks
that smear
12 - 16 0 - 85 14.79 Clayey, sand clay, fairly uniform color throughout and
wood chucks thoughout, 2.5Y (3) very dark gray; wood
chunk and shell material @ 52 cm, 10YR (2/1) black,
sandy zones @ 3-6 cm, 43-47 cm, and 82-84 cm, positive
for HCl
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2 0 - 4 0 - 67 2.20 Clayey silt with few zones of sand (47-50 cm sand
laminae); generally dry and friable throughout column, 0-6
cm very sandy 2.5Y (5/6) yellowish brown, 0-18 cm roots,
6-18 cm 2.5Y (3/1) dark gray, positive for HCl
67 - 127 4.17 Silt, 10YR (3/1) dark gray, negative for HCl; zone of
entrained root, silt and fine sand @ 105-112 cm
4 - 8 0 - 12 4.39 Very uniform color throughout, positive for HCl
throughout; continuation of 10YR (3/1) dark gray
12 - 80 6.62 Silty loam, 2.5Y (3/3), dark olive brown, 31 and 38 cm
root zones, 70 cm snail shell
8 - 12 0 - 48 9.57 Sandy, silty clay, 2.5Y (3/2) dark gr. brown, root layer @
20 cm, sand layer @ 37-38 cm
48 - 54 9.77 Clay
12 - 16 0 - 63 14.07 2.5Y (3/2) very dark gr. brown, effervescence increasing
with depth
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3 0 - 4 0 - 4 0.13 Very fine to medium sand, positive for HCl
4 - 37 1.21 Sandy silt, 2.5Y (3/3) dark olive brown, roots, positive for
HCl, influx of sand @ 31-37 cm
37 - 93 3.05 Clayey silt, positive for HCl
93 - 107 3.51 Color change but texture same, 2.5Y (3/1) dark gray,
negative for HCl
4 - 8 0 - 26.5 4.87 Continuation of above, clayey silt, thin fine sand layer or
seam @ 26.5 cm
26.5 - 81 6.66 Color change @ 26.5 cm, more gritty, 2.5Y (3/3) dark
olive brown, large shell @ 58 cm, definite break to clay @
75 cm, organic strip@ 77 cm
8 - 12 0 - 3 8.10 Clay, negative for HCl
3 - 43 9.41 Color change and siltier clay, tiny shell fragments
entrained, 2.5Y (3/3) dark olive brown
43 - 72 10.36 Entrained shell material but less than 3-43 cm, organic
material from 66-72 cm; positive for HCl from 3-72 cm
12 - 16 0 - 2 12.07 Clay, continuation of previous
2 - 33 13.08 Grainy, silty clay, 2.5Y (3/3) dark olive brown, medium
grained sand lense @ 22.5-23 cm
33 - 75 14.46 Siltiness decreases, shell material, mottling from 51-69
cm, 2.5Y (5/1) gray
Appendix B. Depue DSDA Core Sample Descriptions
Well Site
No.
Core
Depth
Interval
(ft)
Inter-
Core
Interval
(cm)
Interval
Bottom
Depth
(ft)
Description
160
4 0 - 4 0 - 20 0.66 Fine to medium sand, 2.5Y (4/3) olive brown, positive for
HCl, roots noted from 0 - 37 cm
20 - 57 1.87 Sandy silt, laminae 2.5Y (3/2) dark gr. brown, transition to
clayey silt from 51 to 57 cm, color change at 51 cm to
10YR (2/2), texture change as well, blocky, effervescence
decreases with depth
57 - 100 3.28 Clayey silt, 10YR (2/1) black
4 - 8 0 - 40 5.31 Clay, 10YR (2/1) black, effervescence decreases with core
depth
40 - 50 5.64 Textural and color change zone, roots present
50 - 80 6.62 Siltier clay, 2.5Y (3/2) dark gr. brown, organic layer @
70-73 cm
8 - 12 0 - 83 10.72 Sandy silty clay, shell bits entrained throughout,
effervesces throughout,, saturated, 10YR (4/3) dark
brown, gastropod @ 46 cm, clayey sand layer @ 61.5-67
cm
12 - 16 0 - 77.5 14.54 Same as above, orange streaks running throughout, 10YR
(3/6) dark yellowish brown, matrix color 2.5Y (3/3) dark
olive brown; medium coarse sand, entrained shell bits
from 50-54 cm, 2.5Y (5/1) gray
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5 0 - 4 0 - 107 3.51 Silty clay loam, fairly uniform color 2.5Y (2.5/1) black,
blocky and breaks apart, roots end @ 23 cm, seam of silt
@ 79 cm, wood chunk @ 94 cm
4 - 8 0 - 56 5.84 Silty clay loam, 2.5Y (2.5/1) black, blocky texture from 0-
12 cm; less blocky clay loam from 12-56 cm, oxidation
streaks from 41-44 cm, no effervescence to HCl through
entire core
8 - 12 0 - 6 8.20 Gummy silty clay, 2.5Y (2.5/1) black, negative for HCl
6 - 26 8.85 Still silty clay but less moist, 2.5Y (2.5/1) black, negative
for HCl, color change @ 26 cm
26 - 42 9.38 Mottling, 2.5Y (4/4) olive brown, effervesces from HCl
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6 0 - 4 0 - 18 0.59 Clayey silt, root rich, organic, crumbly, negative for HCl,
2.5Y (2.5/1) black
18 - 22 0.72 Very fine sand lense, positive for HCl, 2.5Y (4/4) olive
brown
22 - 31 1.02 More massive clayey silt, positive for HCl, 2.5Y (3/2)
dark gr. brown
31 - 65 2.13 Blocky, angular breaks, clayey silt, positive for HCl, 2.5Y
(2.5/1) black
65 - 98 3.22 Grades into bottom to clayey sandy silt, entrained shell
parts, 2.5Y (3/2) dark gr. brown
4 - 8 0 - 36 5.18 Silty clay, entrained shells, positive for HCl, 2.5Y (3/2)
dark gr. brown
8 - 12 0 - 70 10.30 Sandy silty clay, positive for HCl, 2.5Y (3/2) dark gr.
brown
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7 0 - 4 0 - 25 0.82 Friable, organic rich roots, crumbly, 10YR (2/2) very dark
brown to 10YR (3/1) very dark gray, positive to HCl
25 - 71 2.33 Chunky, silt transition, 10YR (2/2) very dark brown
71 - 89 2.92 Break @ 71 cm to silty loam, 10YR (2/1) black, negative
to HCl
4 - 8 0 - 24 4.79 Silty loam
24 - 52 5.71 Transitional color change, light orange streaks 10YR
(3/2), black organic seam @ 50 cm
8 - 12 0 - 35.5 9.16 Silty clay, organic matter entrained throughout, 10YR
(2/2) very dark brown, positive reaction to HCl
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8 0 - 4 0 - 25 0.82 Top soil, 10YR (2/1) black, negative to HCl
25 - 47 1.54 Clayey silt, 10YR (2/2) very dark brown, negative to HCl
47 - 76 2.49 Silty clay, 10YR (2/1) black, negative to HCl
4 - 8 0 - 45 5.48 Silty clay, few entrained shells, 10YR (3/2), negative to
HCl
8 - 12 0 - 17 8.56 Silty clay, 10YR (3/2), negative to HCl
17 - 34 9.12 Transition to lighter color, 2.5Y (4/4) olive brown, mixed
reaction to HCl
34 - 69 10.26 Orange mottling 10YR (5/8) with matrix of 10YR (5/1),
negative to HCl
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9 0 - 4 0 - 11 0.36 Top soil with large amounts of organic matter, roots, wood
chunks, 10YR (3/2), negative to HCl
11 - 41 1.35 Blocky silt loam, roots, wood chunks, 10YR (2/1) black,
mixed reaction to HCl
41 - 104 3.41 Less chunky and transition to clay, silty clay loam, 10YR
(3/1) dark gray
4 - 8 0 - 68 6.23 Silty clay, swampy odor, moist with depth, root traces to
52 cm, 10YR (3/1) dark gray, color transition @ 40 cm to
2.5Y (4/1) dark gray
8 - 12 0 - 37 9.21 Silty clay, Fe mottling throughout 93 cm core length, 2.5Y
(4/1) dark gray, negative to HCl
37 - 83 10.72 Color transition @ 37 cm but no textural change, grading
to 2.5Y (4/3) olive brown, orange stain mottle of 10YR
(4/6) dark yellow brown, positive to HCl
83 - 93 11.05 Silty clay with shell material, rocks, sticks; matrix(?) color
transition @ 83 cm to 2.5Y (4/1) dark gray, pronounced
mottling, positive to HCl
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10 0 - 4 0 - 104 3.41 Blocky, clay loam, 2.5Y (2.5/1) black throughout core,
chunk of wood @ 65 cm, HCl nonreactive throughout, 
4 - 8 0 - 30 4.98 Blocky, dark, clay loam, organic material and root hairs
throughout, twigs @ 13 cm, HCl nonreactive throughout
30 - 62 6.03 Wetter, blockiness gone, lightening in color to 2.5Y (3/?),
from 58 cm to end 2.5Y (5/4) light olive brown, @ 60 cm
2.5Y (3/1) very dark gray, sulfur smell at bottom of core
8 - 12 0 - 15 8.49 Moist gray clay, negative to HCl
15 - 38 9.25 Clay loam, grittier than above, shell bits from 21-32 cm,
large gastropods @ 26 cm, color transition to 2.5Y (5/2),
negative to HCl
38 - 61 10.00 Matrix color 2.5Y (5/2),  mottling 2.5Y (5/6) light olive
brown, positive to HCl
61 - 62 10.03 Sand lense,  positive to HCl
62 - 67 10.20 Clay loam, 2.5Y (4/1) dark gray,  positive to HCl
67 - 77 10.53 Clay loam, 2.5Y (6/1) gray,  positive to HCl
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11 0 - 4 0 - 38 1.25 Generally black, blocky clay loam, dry and friable to 24
cm, root hairs to 38 cm, 2.5Y (2.5/1) black, reactive to
HCl
38 - 76 2.49 Not as friable and more solid, non-reactive to HCl
76 - 105 3.44 Becomes friable again, non-reactive to HCl
4 - 8 0 - 32 5.05 Blocky
32 - 59 5.94 Grittier and more clayey, moister; above 39 cm 2.5Y
(2.5/1) black, below 39 cm 2.5Y (3/1) very dark gray,
shell fragments @ 49-50 cm
8 - 12 0 - 77 10.53 Silty clay, fine shell fragments throughout, matrix color
fairly consistent 2.5Y (3/1) very dark gray, orange
mottling throughout core, root trace @ 54-59 cm, negative
to HCl
Appendix B. DePue DSDA Core Sample Descriptions
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12 0 - 4 0 - 50 1.64 10YR (2/1) black clayey silt, blocky, root zone between
32 - 50 cm, non-effervescent by HCl
50 - 92 3.02 2.5Y (2.5/1) black clayey silt, non-effervescent by HCl
4 - 8 0 - 79 6.59 10YR (2/1) black clayey silt through entire core; texturally
banded in top 10 cm; 2 woody zones at 27 and 38 cm;
non-effervescent by HCl
8 - 12 0 - 22 8.72 Black clayey silt, non-effervescent by HCl
22 - 25 8.82 Effervescent by HCl, 2.5Y (4/2) dark grayish brown
clayey silt
12 - 16 0 - 45 13.48 Clayey silt with interbedded sand and silt over entire
length to 72 cm; matrix, 2.5Y (5/2) grayish brown;
oxidized zones, 10YR (4/6) dark yellowish brown; cleaner
sand intervals at 45 - 55 cm and 67 - 72 cm, effervescent
by HCl; bedding in lower portion
16 - 20 0 - 24 16.66 Very sandy silt; large concretion at 18 cm, 2.5Y (4/3)
olive brown; shells (gastropods) 20 - 24 cm; effervescent
by HCl; 5GY (4/1) dark greenish gray 0 - 77 cm
24 - 88 18.89 Silty clay; no mottling; effervescent by HCl; 5G (4/1) dark
greenish gray
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13 0 - 4 0 - 96.5 3.17 Clayey silt, 2.5Y (2.5/1) black; uniform in color and
texture; breaks into blocky angular chunks (peds) from 2 -
32 cm; roots to 36 cm
4 - 8 0 - 89 6.92 Clayey silt with clay, silt, and other floodplain sediments;
decrease in color from top to bottom; 2.5Y (2.5/1) from 0 -
22.5 cm; 2.5Y (3/2) from 22.5 - 89 cm
8 - 12 0 - 43 9.41 Clayey silt, few mica(?) flecks; 2.5Y (3/2), 0 - 26 cm;
10YR (2/2), dusky yellowish brown, 26 - 43 cm
12 - 16 0 - 45 13.48 Clayey silt, 10YR (5/4), moderate yellowish brown; more
silt as depth increases; largely oxidized; some gastropod
shells
45 - 76 14.49 Clayey silt, mottled; matrix, 2.5Y (5/2), gray; 7.5YR (4/6)
oxidized zones
76 - 94 15.08 Fine to medium sand
16 - 20 0 - 30 16.98 Silty sand to medium sand
30 - 88 18.89 Mottled clay; matrix, 7.5YR (5/1); jointed oxidized zones,
7.5YR (3/3); calcareous effervescence
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14 0 - 4 0 - 110 3.61 Clayey silt, 2.5Y (2.5/1) black; blocky texture throughout,
non-effervescent throughout; roots noted to 80 cm (2.6')
4 - 8 0 - 94 7.08 Clayey silt, slight color change at 64 cm (6.1') from 2.5Y
(2.5/1) black to 2.5Y (3/1) very dark gray; damper and
apparent clay content increase below 64 cm (6.1');
blockiness absent
8 - 12 0 - 50 9.64 Silty clay, 2.5Y (3/1) very dark gray; non-effervescent
throughout
12 - 16 0 - 26 12.85 Clayey silt; definite color change from previous core;
matrix, 2.5Y (5/2) grayish brown; oxidized zones, 7.5YR
(3/4) dark brown
26 - 50 13.64 Sandy silt, see above description
50 - 67 14.20 Clayey silt, see description for 0 - 26 cm
67 - 93 15.05 Silty clay, see description for 0 - 26 cm
16 - 20 0 - 55 17.80 Silty clay, mottled; colors for matrix undoxidized zones
like above
55 - 83 18.72 More clay content but still silty clay; 5GY (4/1) dark
greenish gray; sewer gas odor; dark organic matter
entrained
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15 0 - 4 0 - 2 0.07 Dried surface material (plant matter); length of entire core
is uniform in color, 2.5Y (2.5/1) black
2 - 50 1.64 More apparent root material, friable
55 - 80 2.62 More dense texture than upper material
4 - 8 0 - 75 6.46 Uniform color, 2.5Y (2.5/1) black, dense, few pebbles,
root hairs, entire core grainier in texture than above
8 - 12 0 - 5 8.16 More moisture, woody; color 10YR (2/1), black
5 - 60 9.97 Color 10YR (2/1), black; gastropod shells @ 18 & 60 cm
60 - 70 10.30 Clay content increasing, more mottled, color change in
this zone to 2.5 Y (5/4), 
12 - 16 0 - 50 13.64 Mottling (Fe staining) throughout core; uniform in clay
texture, dense
20 - 40 13.31 2.5Y (5/4), oxidized material; 2.5Y (5/2) gray, unoxidized
material
40 - 48 13.57 Silty to fine sand, more moisture, 2.5Y (5/2)
48 - 51 13.67 Shell material
50 - 91 14.99 Increased clay content, 2.5Y (4/2)
16 - 20 0 - 8 16.26 Color 2.5Y (2.5/1); oxidation decreasing across the
interval down to 107 cm; holding more water, almost
saturated in upper 7 cm; “gummy” clay; also peat in upper
7 cm; shells in upper 7 cm
8 - 94 19.08 Color 2.5Y (5/2); shells in interval 67 - 94 cm
95 - 107 19.51 Color 2.5Y (4/4); more oxidized between 98 - 107 cm, not
texturally different
20 - 24 0 - 22 20.72 Clayey silt, oversaturated, no cohesion, 2.5Y (4/2)
22 - 49 21.61 Similarly textured as 82 - 117 cm (described below) but
pebbles absent, less oxidation than 82 - 117 cm
49 - 117 23.84 Generally coarser material, mica?; oxidized Fe throughout
(oxidized trail), entrained pebbles, sand, silt, clay mixture;
2.5Y (5/3) grey unoxidized matrix, 10YR (3/6) oxidized
zones
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16 0 - 4 0 - 2 0.07 Crumbly organic material, surface soil & plant matter;
2.5Y (2.5/1) black, non-effervescent by HCl
2 - 12 0.39 Blocky, clayey silt; non-effervescent by HCl
12 - 32 1.05 Fine to medium sand, clean; 2.5Y (6/4) (6/6) light yellow
brown - olive yellow; non-effervescent by HCl
32 - 38 1.25 Striated or bedded clay, noted some roots, 2.5Y (3/1) dark
gray; effervescent by HCl
38 - 65 2.13 Fine to medium sand and little bit of clay at bottom, 2.5Y
(4/3) olive brown; non-effervescent by HCl
4 - 8 0 - 3 4.10 Calcareous continuation from above, fine to medium sand
3 - 27 4.89 Clayey silt; depositional banding with 3 distinct bands
between 17 - 23 cm, ~ 0.5 cm thickness; 2.5Y (2.5Y/1)
black matrix, 2.5Y (5/3) light olive brown banding
27 - 42 5.38 Banded mixed sand, silt, shell fragments, organic matter,
coal; matrix of fine sand silt; effervescent by HCl
42 - 54 5.77 Clayey silt, some shell fragments; effervescent by HCl;
2.5Y (2.5/1) black
54 - 66 6.17 Silty sand, depositional banding; non-effervescent by HCl;
2.5Y (4/4) olive brown
66 - 81 6.66 Silty clay; non-effervescent by HCl; 2.5Y (2.5/1) black
laminae
8 - 12 0 - 14 8.39 Silty clay, 2.5Y (2.5/1) black transitioning to a grayer
material; non-effervescent by HCl
14 - 51 9.67 Silty clay, 2.5Y (3/1) very dark gray; non-effervescent by
HCl
12 - 16 0 - 18 12.59 Same as above, silty clay, very dark gray; non-
effervescent by HCl
18 - 30 12.98 Clayey silt, color transition zone; effervescent by HCl
30 - 56 13.84 Clayey silt matrix 2.5Y (5/2) grayish brown with
oxidation streaks 2.5Y (3/1) very dark gray
16 - 20 0 - 106 19.48 Predominantly clayey silt , mottled throughout to ~ 100
cm (19.3'); matrix 2.5Y (5/1) gray; oxidized zones 10YR
(4/6) dark yellowish brown; effervescent by HCl; less
mottling in bottom 6 cm, more moisture, gummy
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17 0 - 4 0 - 112 3.67 Clayey silt, blocky; 2.5Y (2.5/1) black; roots noted to 55
cm (1.8'); non-effervescent by HCl
4 - 8 0 - 33 5.08 Clayey silt & entrained woody bits throughout; 10YR
(3/1) very dark gray; non-effervescent by HCl
33 - 88 6.89 Clayey silt , same as above only color is 2.5Y (2.5/1)
black, swampy (organic) smell; non-effervescent by HCl
8 - 12 0 - 50 9.64 Clayey silt, 2.5Y (2.5/1) black grading to lighter color
2.5Y (4/1) dark gray in upper 24 cm (8.8'); shell layer,
entrained gastropods at 44 cm (9.4')
12 - 16 0 - 68 14.23 Clayey silt, generally more oxidized with depth(?),
mottling increases and matrix gets lighter in shade; matrix
2.5Y (5/2) grayish brown with oxidized streaks 2.5Y (4/4)
olive brown
16 - 20 0 - 102 19.35 Generally uniform clayey silt, more water at end, mottled,
mottling and matrix difficult to distinguish; shell horizon
at 40 cm (17.3'); effervescent by HCl; matrix color: 2.5Y
(5/2) grayish brown; mottle color: 2.5Y (4/4) olive brown
20 - 24 0 - 100 23.28 Sandy silt and minor laminae; sandier layer between 40 -
49 cm (21.3 - 21.6'); core matrix color 2.5Y (5/1) gray
with mottling of 2.5Y (4/4) olive brown; effervescent by
HCl
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18 0 - 4 0 - 8 0.26 Top soil, root rich, organic, 10YR (3/1) dark gray, positive
to HCl
8 - 16.5 0.54 Top soil but more blocky and darker, 10YR (2/1) black,
positive to HCl
16.5 - 87 2.85 Blocky, chunk of wood @ 41 cm, 10YR (2/1) black,
positive to HCl
4 - 8 0 - 20 4.66 Silty clay, 10YR (2/1) black, negative to HCl
20 - 46 5.51 More clay, not as blocky, moister, negative to HCl
8 - 12 0 - 12 8.39 Silty clay, 10YR (2/1) black, negative to HCl
12 - 37 9.21 Dryer, entrained shell parts, orange blotchy parts mottled
to end, 10YR (2/2) very dark brown
12 - 16 0 - 51 13.67 Loam, 10YR (3/1) very dark gray, Fe stains throughout
the 94 cm core length
51 - 65 14.13 Grades into 2.5Y (5/2) grayish brown, many shell
fragments
65 - 73 14.40 Increased sand but sandy clay loam, 10YR (3/1) very dark
gray
73 - 77 14.53 Very wet medium sandy clay zone, 10YR (3/1) very dark
gray
77 - 82 14.69 Same as 65-73 cm
82 - 94 15.08 Color change to 10YR (5/1) matrix gray, distinct Fe
mottling of 10YR (5/8) yellow brown, influx of medium
sand @ 92-94 cm
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ISWS Global Positioning System
Locations of reference stations and monitoring well installations around the DSDA study
area  were surveyed by global positioning system (GPS). The ISWS’s Wild System 200 and System
300 GPS were used to collect satellite signal data. Satellite data for the reference station locations
were collected in static mode and post-processed using Wild Static Kinematic Interface (SKI)
software to provide x, y, and z positions of reference points. Well and aerial flag locations were
surveyed in real-time kinematic mode using radio modems and a signal amplifier; the local reference
point DSE was used as a base station for this surveying. 
Survey results were originally calculated using geodetic coordinates with orthometric and
ellipsoid heights in meters. All geoid heights were calculated with the National Geodetic Survey
program Geoid93. Conversions were then made to Illimap (Lambert Conformal) coordinates in feet
with orthometric and ellipsoid heights in feet. Data in English units (except the geoid height) are
expected to be accurate to ± 0.066 feet (horizontal) and ± 0.131 feet (vertical). Data in metric units
(except the geoid height) are expected to be accurate to ± 0.02 meters (horizontal) and ± 0.04 meters
(vertical). Locations of well installations were subsequently converted to UTM Zone 16 coordinates
(see Appendix D) to make locations compatible with the coordinate system used with site aerial
digital imagery.
Reference Stations
Reference stations and initial well installations inside the DSDA (Nests 12 - 17) were
surveyed during three days in September and October of 1997 by Randy Locke (ISWS) and
Christopher Stohr (ISGS). Two reference stations were used to transfer both horizontal and vertical
control to temporary marks on-site. Egro and Knot are National Geodetic Survey (NGS) stations that
have second order horizontal and second order vertical (class 0) status. K193 and M193 are NGS
stations that have first order vertical (class 2) status. The stability of station M193 was determined
to be questionable; therefore, station K193 was preferred as a vertical reference. Because of bridge
work along the rail line, it is not known if K193 will be available in the future. Stations DSE and
DSW were set on-site on top of the levee within the DWMA. Stations DSE and DSW may be subject
to movement because of their location on the levee and their construction. Both stations were
constructed with three feet of 5/8 inch rebar which was driven into the levee and then capped with
an aluminum rod cap.
Illimap Coordinates of DePue Area Reference Stations
Benchmark
Name
Easting
(ft)
Northing
(ft)
Orthometric
Height (ft)
Ellipsoid
Height (ft)
DSE 3056908.690 3014828.507 454.189 -107.336
DSW 3053470.221 3014806.416 454.021 -107.359
EGRO 3066372.486 3038521.550 655.534 -107.221
K193 3046852.657 3017288.500 474.461 -107.401
KNOT 3047607.881 3047267.335 731.796 -107.303
Benchmark
Name
Easting
(ft)
Northing
(ft)
Orthometric
Height (ft)
Ellipsoid
Height (ft)
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M193 3055518.203 3019322.183 463.802 -107.336
Geodetic Coordinates of DePue Area Reference Stations
Benchmark
Name
Latitude 
(N)
Longitude
(W)
Orthometric
Height (m)
Ellipsoid
Height (m)
DSE 41 18 48.62444 89 17 30.65420 138.437 -32.716
DSW 41 18 48.48097 89 18 15.92599 138.386 -32.723
EGRO 41 22 43.57946 89 15 25.21913 199.807 -32.681
K193 41 19 13.25258 89 19 42.99173 144.616 -32.736
KNOT 41 24 10.81856 89 19 32.28999 223.052 -32.706
M193 41 19 33.26305 89 17 48.82923 141.367 -32.716
Wells Inside the DSDA
Wells inside the DSDA were surveyed by GPS in real-time. Only one well per well nest was
surveyed by GPS. DSE was used as the reference point for this surveying. Each well surveyed by
GPS was then used as a reference for determining the elevations of the measuring points of the other
wells in that nest by optical leveling. A Wild optical level with a micrometer was used. These
locations were subsequently converted to UTM Zone 16 coordinates (in meters) for compatibility
with the site aerial digital imagery (see Appendix D for coordinates).
Illimap Coordinates of Wells Located Inside the DePue DSDA
Well
Name
Easting
(ft)
Northing
(ft)
Orthometric
Height (ft)
Ellipsoid
Height (ft)
12-05S 450.570
12-05P 450.091
12-10P 449.579
12-15P 3056398.155 3016336.304 449.927 -107.336
13-05S 450.487
13-05P 450.736
13-10P 3056651.862 3015325.069 451.363 -107.336
13-15P 449.946
14-05S 449.441
Well
Name
Easting
(ft)
Northing
(ft)
Orthometric
Height (ft)
Ellipsoid
Height (ft)
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14-05P 450.041
14-10P 450.379
14-15P 3055699.038 3015818.804 450.258 -107.342
15-05S 450.712
15-05P 450.217
15-10P 450.637
15-15P 3055126.228 3015480.659 450.197 -107.346
16-05S 450.841
16-05P 451.133
16-10P 451.638
16-15P 3054234.505 3015800.474 451.681 -107.352
17-05S 450.761
17-05P 450.272
17-10P 451.164
17-15P 3053645.735 3015247.582 451.289 -107.359
Geodetic Coordinates of Wells Located Inside the DePue DSDA
Well
Name
Latitude
(N)
Longitude
(W)
Orthometric
Height (m)
Ellipsoid
Height (m)
12-05S 137.334
12-05P 137.188
12-10P 137.032
12-15P 41 19  3.60350 89 17 37.33088 137.138 -32.716
13-05S 137.309
13-05P 137.385
13-10P 41 18 53.55951 89 17 34.02071 137.576 -32.716
13-15P 137.144
14-05S 136.990
14-05P 137.173
14-10P 137.276
14-15P 41 18 58.48207 89 17 46.55135 137.239 -32.718
Well
Name
Latitude
(N)
Longitude
(W)
Orthometric
Height (m)
Ellipsoid
Height (m)
180
15-05S 137.377
15-05P 137.226
15-10P 137.354
15-15P 41 18 55.13808 89 17 54.10320 137.220 -32.719
16-05S 137.417
16-05P 137.506
16-10P 137.660
16-15P 41 18 58.33228 89 18  5.83480 137.673 -32.721
17-05S 137.392
17-05P 137.243
17-10P 137.515
17-15P 41 18 52.85656 89 18 13.60262 137.553 -32.723
Aerial Flags
Locations of aerial flags were surveyed using station DSE as a reference point for real-time
surveying. Flags were removed after surveying was completed.  
Illimap Coordinates for DePue DSDA Aerial Flags
Flag
Name
Easting
(ft)
Northing
(ft)
Orthometric
Height (ft)
Ellipsoid
Height (ft)
12-FLAG 3056397.038 3016335.589 448.210 -107.336
CC-FLAG 3055702.157 3015394.485 454.267 -107.342
NC-FLAG 3054504.680 3015660.720 454.323 -107.352
NW-FLAG 3053498.127 3015791.270 453.277 -107.359
SE-FLAG 3056652.618 3015324.902 448.807 -107.336
WEST-FLAG 3049983.048 3017138.799 466.053 -107.382
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Geodetic Coordinates for DePue DSDA Aerial Flags
Flag
Name
Latitude
(N)
Longitude
(W)
Orthometric
Height (m)
Ellipsoid
Height (m)
12-FLAG 41 19  3.59642 89 17 37.34561 136.615 -32.716
CC-FLAG 41 18 54.26990 89 17 46.52281 138.461 -32.718
NC-FLAG 41 18 56.93911 89 18  2.28156 138.478 -32.721
NW-FLAG 41 18 58.25676 89 18 15.53065 138.159 -32.723
SE-FLAG 41 18 53.55783 89 17 34.01077 136.796 -32.716
WEST-FLAG 41 19 11.70598 89 19  1.77660 142.053 -32.730
Wells Outside the DePue DSDA
Surveying of monitoring well locations outside the DePue DSDA (Sites 1 - 11 and 18) was
done on September 2 - 3, 1998 by Randy Locke and Allen Wehrmann. GPS surveying results were
in geodetic coordinates with ellipsoid heights in meters. All geoid heights were calculated with the
National Geodetic Survey program Geoid93. The on-site reference station, DSE, was used as a real-
time kinematic (RTK) GPS base station. The previously calculated position for DSE (41o 18'
48.62444" N. latitude, 89o 17' 30.65420" W. longitude, and 105.711 meters ellipsoid height) was
used for RTK activities. Station DSW was not used. The aluminum rod cap on DSE was
approximately 1 to 2 centimeters above land surface and is subject to frost heave. Well site 10 was
the only location where satellite visibility was problematic. These locations were subsequently
converted to UTM Zone 16 coordinates (in meters) for compatibility with the site aerial digital
imagery (see Appendix D for coordinates).
Geodetic Locations of Wells Located Outside the DePue DSDA 
Well
Number Latitude (N) Longitude (W)
Measuring Point
Height (m)
1-15P 41 18 44.68292 89 17 29.84355 137.932
2-15P 41 18 41.48419 89 17 47.77574 137.888
3-15P 41 18 35.44181 89 18 03.95864 137.940
4-15P 41 18 31.54908 89 18 15.13878 138.277
5-10P 41 19 00.99796 89 17 30.23961 136.846
6-10P 41 18 48.32193 89 17 30.39486 137.123
7-10P 41 18 47.71926 89 17 51.99835 137.393
8-10P 41 18 47.70948 89 18 07.75588 137.117
9-10P 41 18 59.11633 89 18 16.08751 136.134
Well
Number Latitude (N) Longitude (W)
Measuring Point
Height (m)
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10-10P 41 18 57.65130 89 18 02.31126 136.512
11-10P 41 18 59.14704 89 17 42.07278 136.709
14-15P 41 18 58.48098 89 17 46.55089 137.246
18-15P 41 19 02.31073 89 17 12.50117 136.932
Illimap Locations of Wells Outside the DePue DSDA 
Well
Number Northing (ft) Easting (ft)
Measuring Point
Height (ft)
1-15P 10029541.003 9889629.582 452.533
2-15P 10025072.499 9888560.028 452.388
3-15P 10021046.909 9886555.434 452.559
4-15P 10018261.475 9885262.784 453.665
5-10P 10029429.455 9895020.002 448.970
6-10P 10029399.927 9890830.369 449.879
7-10P 10024016.069 9890620.395 450.764
8-10P 10020088.903 9890607.272 449.859
9-10P 10018005.570 9894373.676 446.634
10-10P 10021440.609 9893894.674 447.874
11-10P 10026483.260 9894403.204 448.520
14-15P 10025367.775 9894180.107 450.282
18-15P 10033848.746 9895462.915 449.252
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Appendix D
Ground-Water Levels at DePue DSDA

Ground-Water Levels at Depue Diked Sediment Disposal Area
Depth-to-Water Measurements (feet below measuring point)
Well I.D. UTM Zone 16 X-coordinate (m)
UTM Zone 16 Y-
coordinate (m)
Meas'g. Pt. 
Elev. (feet) 
before 
7/13/99
10/01/97 10/15/97 10/16/97 07/28/98 09/02/98 09/15/98 09/29/98 10/08/98 02/23/99
** ** * ** `
1-15P 308177.2 4575971.9 452.53 11.47 11.27
2-15P 307757.6 4575884.3 452.39 11.38 11.17
3-15P 307376.4 4575707.9 452.56 11.65 11.09
4-15P 307113.2 4575594.7 453.67 12.68 9.59
5-5P 308181.3 4576475.3 449.25 6.92 7.04
5-10P 308181.3 4576475.3 448.97 6.73 6.46
6-5P 308167.4 4576084.4 450.20 Dry 8.06 7.44
6-10P 308167.4 4576084.4 449.88 7.14 8.03 7.12
7-5P 307664.5 4576079.1 449.97 6.82 7.51 2.02
7-5S 307664.5 4576079.1 450.14 6.87 Dry 1.78
7-10P 307664.5 4576079.1 450.76 7.63 8.30 2.76
8-5P 307298.1 4576088.6 449.44 6.27 6.90 2.59
8-10P 307298.1 4576088.6 449.86 6.72 7.41 3.02
9-5P 307113.7 4576445.5 447.08 5.64 1.87
9-10P 307113.7 4576445.5 446.63 5.19 2.56
10-5P 307432.8 4576391.8 448.08 5.23 5.61
10-5S 307432.8 4576391.8 449.17 6.21 6.53
10-10P 307432.8 4576391.8 447.87 5.34 4.90
11-5P 307904.6 4576425.5 449.03 6.63 5.23 1.43
11-10P 307904.6 4576425.5 448.52 6.30 5.69 0.67
12-5S 308018.5 4576560.0 450.57 Dry 3.98 Dry 1.76
12-5P 308018.5 4576560.0 450.09 Dry 0.38 3.84 7.25 7.43 1.46
12-10P 308018.5 4576560.0 449.58 8.31 -0.02 3.66 7.75 6.56 0.98
12-15P 308018.5 4576560.0 449.93 9.31 0.27 4.01 8.13 7.28 1.34
13-5S 308087.3 4576248.2 450.49 Dry 3.92 3.79 1.83
13-5P 308087.3 4576248.2 450.74 Dry 4.21 4.00 2.11
13-10P 308087.3 4576248.2 451.36 9.24 5.67 4.58 2.70
13-15P 308087.3 4576248.2 449.95 9.28 4.24 3.13 1.28
Ground-Water Levels at Depue Diked Sediment Disposal Area
Depth-to-Water Measurements (feet below measuring point)
Well I.D. UTM Zone 16 X-coordinate (m)
UTM Zone 16 Y-
coordinate (m)
Meas'g. Pt. 
Elev. (feet) 
before 
7/13/99
10/01/97 10/15/97 10/16/97 07/28/98 09/02/98 09/15/98 09/29/98 10/08/98 02/23/99
** ** * ** `
14-5S 307800.0 4576407.7 449.44 Dry 2.99 2.41 flooded
14-5P 307800.0 4576407.7 450.04 Dry 0.45 3.66 3.03 0.56
14-10P 307800.0 4576407.7 450.38 8.34 1.59 4.27 3.99 1.07
14-15P 307800.0 4576407.7 450.26 8.33 1.47 4.13 3.85 1.00
15-5S 307621.6 4576309.2 450.71 Dry 4.23 4.12 frozen
15-5P 307621.6 4576309.2 450.22 Dry 3.71 3.61 0.78
15-10P 307621.6 4576309.2 450.64 8.58 4.25 4.05 1.24
15-15P 307621.6 4576309.2 450.20 8.53 3.82 3.60 0.60
16-5S 307351.5 4576415.0 450.84 Dry 0.90 4.43 0.75 1.96
16-5P 307351.5 4576415.0 451.13 Dry 1.20 4.72 1.05 1.93
16-10P 307351.5 4576415.0 451.64 Dry 1.72 5.22 1.60 2.44
16-15P 307351.5 4576415.0 451.68 16.29 2.66 5.42 2.40 2.71
17-5S 307166.4 4576250.9 450.76 Dry 4.69 0.67 frozen
17-5P 307166.4 4576250.9 450.27 Dry 4.20 0.13 0.92
17-10P 307166.4 4576250.9 451.16 Dry 5.23 2.23 2.35
17-15P 307166.4 4576250.9 451.29 9.17 5.37 1.79 2.24
18-15P 308594.8 4576504.9 449.25 7.75 2.39
* Standing water near Nests 7, 8, and 9 and Nest 16 flooded on 10/8/98
** Flooded 
` On 2/23-24/99, surface water was 0.56' below toc @ 14-5P and 0.78' below toc @15-15P
NM Not measured; OTOC Water over top of casing
Ground-Water Levels at Depue Diked Sediment Disposal Area
Well I.D. UTM Zone 16 X-coordinate (m)
UTM Zone 16 Y-
coordinate (m)
1-15P 308177.2 4575971.9
2-15P 307757.6 4575884.3
3-15P 307376.4 4575707.9
4-15P 307113.2 4575594.7
5-5P 308181.3 4576475.3
5-10P 308181.3 4576475.3
6-5P 308167.4 4576084.4
6-10P 308167.4 4576084.4
7-5P 307664.5 4576079.1
7-5S 307664.5 4576079.1
7-10P 307664.5 4576079.1
8-5P 307298.1 4576088.6
8-10P 307298.1 4576088.6
9-5P 307113.7 4576445.5
9-10P 307113.7 4576445.5
10-5P 307432.8 4576391.8
10-5S 307432.8 4576391.8
10-10P 307432.8 4576391.8
11-5P 307904.6 4576425.5
11-10P 307904.6 4576425.5
12-5S 308018.5 4576560.0
12-5P 308018.5 4576560.0
12-10P 308018.5 4576560.0
12-15P 308018.5 4576560.0
13-5S 308087.3 4576248.2
13-5P 308087.3 4576248.2
13-10P 308087.3 4576248.2
13-15P 308087.3 4576248.2
Depth-to-Water (feet) D-t-W (ft)
Meas'g. Pt. 
Elev. (feet) 
after 
7/13/99
07/13/99 07/20/99 09/16/99 12/01/99
Meas'g. Pt. 
Elev. (feet) 
after 
12/02/99
08/24/00
** ``
452.53 10.61 10.85 12.04 9.74 452.53 11.38
452.39 10.10 10.59 11.98 8.55 452.39 11.04
452.56 11.21 11.19 12.22 10.35 452.56 11.73
453.67 11.58 11.94 13.22 9.53 453.67 12.47
449.25 5.39 7.46 3.08 449.25 6.07
448.97 5.23 7.29 2.47 448.97 5.15
450.20 6.95 dry 2.36 450.20 7.57
449.88 6.64 8.69 2.06 449.88 7.27
449.97 4.67 5.57 dry NM 449.97 6.45
450.14 5.66 dry NM 450.14 NM
450.76 5.45 6.37 9.15 NM 450.76 7.27
449.44 3.78 4.67 7.43 2.12 449.44 5.83
449.86 4.04 5.08 8.24 2.66 449.86 NM
447.44 6.27 6.37 3.14 447.44 destroyed
446.99 4.40 6.42 2.72 446.99 destroyed
448.44 4.98 6.73 2.10 448.44 4.21
449.17 5.75 6.92 NM 449.17 NM
448.23 4.08 7.23 1.74 448.23 4.30
449.39 5.52 7.55 2.38 449.39 6.20
448.88 5.22 7.54 1.67 448.88 5.62
450.57 5.45 6.93 NM 450.57 NM
450.09 5.32 6.97 OTOC 450.09 5.76
449.58 5.22 8.04 OTOC 450.94 7.55
449.93 5.59 8.42 0.38 449.93 6.50
450.49 5.20 dry NM 450.49 6.27
450.74 5.45 dry 1.08 450.74 6.96
451.36 7.08 9.58 1.66 451.36 7.96
451.31 7.04 9.55 1.63 451.31 6.46
Ground-Water Levels at Depue Diked Sediment Disposal Area
Well I.D. UTM Zone 16 X-coordinate (m)
UTM Zone 16 Y-
coordinate (m)
14-5S 307800.0 4576407.7
14-5P 307800.0 4576407.7
14-10P 307800.0 4576407.7
14-15P 307800.0 4576407.7
15-5S 307621.6 4576309.2
15-5P 307621.6 4576309.2
15-10P 307621.6 4576309.2
15-15P 307621.6 4576309.2
16-5S 307351.5 4576415.0
16-5P 307351.5 4576415.0
16-10P 307351.5 4576415.0
16-15P 307351.5 4576415.0
17-5S 307166.4 4576250.9
17-5P 307166.4 4576250.9
17-10P 307166.4 4576250.9
17-15P 307166.4 4576250.9
18-15P 308594.8 4576504.9
Depth-to-Water (feet) D-t-W (ft)
Meas'g. Pt. 
Elev. (feet) 
after 
7/13/99
07/13/99 07/20/99 09/16/99 12/01/99
Meas'g. Pt. 
Elev. (feet) 
after 
12/02/99
08/24/00
** ``
449.44 4.19 6.51 NM 449.44 5.08
450.04 4.84 6.68 OTOC 450.04 5.74
450.38 5.73 8.51 OTOC 450.38 6.76
450.26 5.66 8.44 0.19 450.26 6.70
450.71 5.47 7.13 NM 450.71 NM
450.22 4.99 6.37 NM 450.22 5.65
450.64 5.93 9.01 0.14 450.64 7.14
450.20 5.47 8.55 -0.15 450.20 6.65
450.84 5.16 dry NM 450.84 NM
451.13 5.48 7.46 0.54 451.13 6.34
451.64 5.98 8.69 1.05 451.64 6.87
451.68 6.19 9.90 1.63 451.68 7.43
450.76 5.56 dry NM 450.76 NM
450.27 5.10 7.12 OTOC 450.27 5.92
451.16 9.31 9.81 OTOC 451.16 7.27
451.29 9.35 9.45 1.05 451.29 7.33
449.25 5.94 8.12 7.12 449.25 6.33
** DSDA cells flooded 
NM Not measured; OTOC Water over top of casing
`` On 12/01-02/99, surface water in cells was 0.44' below toc @ 17-15P;
   1.1' below toc @ 16-15P; 0.29' above toc @ 15-15P;
   0.46' above toc @ 14-15P; 1.1' below toc @ 13-5P;
   and 0.38' below toc @ 12-15P
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1Abstract:
The Environmental Protection Agency's (EPA's) National Priority List (NPL) site
at lake DePue Illinois is contaminated with metals including: zinc, cadmium, lead and
manganese, which can pose a threat to both human and wildlife health.  Microcosms were
setup using site material from four locations to observe and quantify the effects of
different redox (oxidation-reduction) zones on the aqueous metal concentrations. These
conditions were chosen due to the periodic flooding and drying of the site, which creates
both anaerobic (including iron-reducing and sulfate-reducing) and aerobic conditions.
Since in reduced anaerobic environments the solubility of metals can be significantly
different from oxidized aerobic environments the objective of this study was to quantify
the difference in metal concentrations under different redox conditions.  The results
indicate that zinc remains quite soluble under aerobic conditions but is usually
sequestered when the redox potential is lowered.  Iron and manganese, however were
very low in general under aerobic conditions and increased dramatically under anaerobic
conditions.  Therefore, the mobility of zinc in the environment may only be a potential
problem when the environment is transitioning between aerobic and anaerobic
conditions.  This may only be an issue at the DePue site for a few weeks following the
annual flooding of the area.
Introduction:
Contamination of metals is a problem at many Superfund sites.  The most
commonly found metals are lead, chromium, arsenic, zinc, cadmium, copper, and
mercury. Metal contamination is considered potentially both a health and ecological risk.
The mobility of the metals is of specific interest because it can determine the type and
ease of remediation approach used at a site (Evanko and Dzombak, 1997).  Microcosm
studies of the mobility of metals at specific locations are very important because
biological systems are not usually in equilibrium and can cause thermodynamic
predictions to be misleading (Webb et al. 2000).
Dredged sediments of Lake DePue, containing elevated concentrations of metals
such as zinc, cadmium, lead and manganese, were deposited on adjacent land that is used
2as a wetland for migrating waterfowl. This site is part of the EPA Superfund cleanup
process.   The soil is periodically flooded at this site. Flooding lowers the amount of
oxygen in the soil and after a period of time the soil turns anaerobic.  Anaerobic soil has a
lower reduction potential. The solubility of a metal can change under different redox
potentials. These metals, however, can react with other compounds and precipitate out
even in redox conditions where the metal could be soluble.  Microorganisms can also
affect the solubility of metals, by either metabolizing the metal itself (oxidation and
reduction) or by producing compounds that can react with metals (e.g. chelating agents).
So it is important to characterize how metal solubilities change in aerobic and anaerobic
systems at the same site.
This study examined two different types of reducing environments: iron-reducing
and sulfate-reducing, and one oxidizing (aerobic) environment, to quantify the
differences in the mobility of metals. Each environment influenced the solubility of
metals differently. This experiment was designed to indicate relationships between the
microbial community activity and changes in metals in solution.
Methods and Materials:
Preparation of Microcosms:
 Four sites at the DePue Wildlife Area (sites 12, 13, 14 and 16) were sampled
during the dry season and brought to the lab in a cooler.  The top organic layer of each
soil sample was removed, and the rest of the remaining soil was homogenized by mixing
it in a Pyrex dish. Each sample was divided into 1 L bottles as indicated in Table 1.  500
mL of artificial river (appendix A) water was then added to the bottles, and the bottles
were capped with a butyl rubber stopper.
Three different types of microcosms were set up, aerobic, anaerobic, and sulfate-
reducing ( plus 0.5 mM Na2SO4) . The aerobic bottles were prepared on the bench and
anaerobic bottles were prepared in the anaerobic chamber.  The artificial river water
added to anaerobic bottles was purged with nitrogen to strip the oxygen.  All the bottles
were stoppered with butyl-rubber stoppers. The aerobic microcosms were kept on a
3shaker, so oxygen would not become limiting at ~22oC and the anaerobic microcosms
were kept stagnant in a 25oC incubator.  Autoclaved controls were prepared for both
aerobic and anaerobic microcosms.
Table 1. Microcosm Information
Start Date
Site
Mass of Soil in
Redox
Microcosms
Mass of Soil in
Control
Microcosms
Aerobic Anaerobic Amendment
of Sulfate
Autoclave
Controls
12  100 g 100 g 2/23/00 2/23/00 2/28/00 3/2/00
13    30 g   27 g 2/16/00 2/22/00 2/28/00 2/26/00
14    37 g   29 g 2/23/00 2/23/00 3/16/00 3/16/00
16  100 g 100 g 3/11/00 3/11/00 2/28/00 3/2/00
Sampling:
Slurry samples were taken from the microcosms with disposable borosilicate
pasteur pipettes. Samples were taken bimonthly, see appendix B for a sampling schedule.
The anaerobic microcosms were sampled in the anaerobic chamber.  Samples from all
microcosms were stored in 2 mL Eppindorf tubes with 1.75 mL of sample in each. 5.25
ml of sample were taken at each sampling unless otherwise noted in Appendix B.  100 µL
of sample was immediately transferred to a separte Eppindorf tube with 500 µL of 0.6N
as a preservative for ferrous iron analysis.  The remaining samples were frozen and used
for analysis of dissolved organic carbon (DOC) testing, metals, sulfate and chemical
oxygen demand.  After thawing the samples were filtered (0.22 or 0.45 µm filter) and
either preserved with nitric acid for metal testing or refrozen for DOC and sulfate
analysis.  COD testing was done with the supernatant of settled frozen samples.  Fresh
samples (same day of sampling) were used for most probable number (MPN)
determination, plate counts, sulfide, pH and hydrogen testing.
Most Probable Number (MPN):
MPNs (Standard Methods, 1989) of sulfate reducing bacteria were determined by
inoculating Postgate’s medium C, a medium specific for sulfate reducers. Postgate’s
4medium C turns black if sulfate reducers are present.  Iron reducing bacteria were
enumerated using ferric citrate media, a medium specific for iron reducers.  Ferrous iron
was spot tested to determine if iron-reducers were present and as an indication of positive
growth.  Triplicate balch tubes were inoculated with three 10-fold serial dilutions. The
sampling and inoculation was done in the anaerobic chamber.  A standard MPN table was
used to calculate the number of cells/ml.    
Plate Count:
The number of bacterial colony forming units (CFUs) in the aerobic microcosms
were enumerated by plating three 10-fold serial dilutions of a sample onto duplicate R2A
agar plates. Colonies were counted after 7-15 days of incubation at room temperature.
Sulfate and Fe(II):
Sulfate and ferrous iron were measured using a microplate colorimetric method,
using a Reader 400 ATC colorimeter at 492 nm.  The sulfate assay used was adapted
from Cypionka, H & Pfennig (1986). The ferrozine assay was used to determine ferrous
iron was adapted from Lovely and Phillips (1986).  The sample used to test for ferrous
iron was preserved in 0.6 N HCl, which is shaken for 15 minutes and then filtered before
testing.
Sulfide:
Sulfide was tested using the methylene blue method with reagents obtained from
Hach.  A HACH DR/4000 spectrophotometer was used for measuring at a wavelength of
665 nm and calibration using Hach’s method 8131.  The sample was removed from the
bottle by a nitrogen purged syringe and diluted 25 times with nitrogen purged water.
These measures were taken to ensure the sulfide did not volatilize or oxidize before
measurement.  The sample was clear unfiltered water, taken from the supernatant of the
settled microcosm.
pH:
The pH was measured with corning deep vessel combo probe that was calibrated
each time with a two point calibration. The probe was put directly into the liquid portion
5the microcosms after they had been allowed to settle to ensure a steady reading.  The
aerobic microcosms were analyzed on the bench and the anaerobic microcosms were
analyzed in the anaerobic chamber.
Hydrogen:
High concentrations of hydrogen were measured with a Gow Mac Gas
Chromatograph (TCD detector) and a Reducing Gas Detector (RGD) was used for trace
analytical concentrations. The Gow Mac used Argon as the carrier gas and the RGD uses
helium as the carrier gas. The gas sample was taken from the microcosm by a syringe.
The syringe was purged with nitrogen for the analyses.   The syringe was then flushed
several times with the gas sample and locked using a Teflon valve.
Acetate:
Samples were run on the Waters HPLC using a HPX-87H column for organic
acids.  Samples were prepared by adding 0.9 mL of filtered sample and 0.1ml of  2N
sulfuric acid in 1 mL HPLC vial capped with a teflon coated septa.  The detection limit
was 0.25 mM.
Dissolved Organic Carbon (DOC):
DOC was determined using a Phoenix 8000 the UV persulfate TOC analyzer.
The samples were filtered and diluted with distilled deionized water to 1:20 dilution.
Chemical Oxygen Demand (COD):
COD was determined using the closed reflux, colorimetric method from Standard
Methods. However the COD that was measured was too low to use the digestion solution
specified in the procedure.  The digestion solution prepared for this experiment was
specifically for COD from 0-40 mg/L, which is a derivative from the protocol in Standard
Methods; and it is not approved by Standard Methods.  This COD protocol is similar to
the HACH protocol for COD; instead of using pre-made Hach vials and reagents, the
6reagents are prepared in the laboratory.  0.5 mL of sample was diluted with 1.5 mL of
DDI water in the COD vial.
Metals:
Metals were tested by the Waste Management Resource Center.  Samples were
prepared by adding filtered sample into an 2 ml centrifuge tube and preserving it with 5
µL of concentrated nitric acid.  Table 2 notes the time and the dilution of the samples sent
for analysis.
Date dilution Date dilution Date dilution Date dilution Date dilution
12 A 3/2/00 5 3/17/00 5 3/29/00 2 5/23/00 1 6/22/00 1
13 A 3/2/00 5 3/17/00 5 3/29/00 2 5/23/00 1 6/22/00 1
14 A 3/17/00 5 3/29/00 2 5/23/00 1 6/22/00 1
16 A 3/2/00 5 3/17/00 5 3/29/00 2 5/23/00 1 6/22/00 1
12 Fe 3/2/00 5 3/19/00 5 4/2/00 2 5/16/00 1 6/15/00 1
13 Fe 3/2/00 5 3/19/00 5 4/2/00 2 5/15/00 1 6/15/00 1
14 Fe 3/19/00 5 4/2/00 2 5/16/00 1 6/15/00 1
16 Fe 3/2/00 5 3/19/00 5 4/2/00 2 5/16/00 1 6/16/00 1
12 Sulf 3/2/00 5 3/19/00 5 4/2/00 2 5/18/00 1 6/16/00 1
13 Sulf 3/2/00 5 3/19/00 5 4/2/00 2 5/18/00 1 6/16/00 1
14 Sulf 3/19/00 5 4/2/00 2 5/18/00 1 6/16/00 1
16 Sulf 3/2/00 5 3/19/00 5 4/2/00 2 5/18/00 1 6/16/00 1
12 CA 3/2/00 5 5/24/00 1 6/22/00 1
13 CA 3/2/00 5 5/24/00 1 6/22/00 1
14 CA 3/19/00 5 5/24/00 1 6/22/00 1
16 CA 3/2/00 5 5/24/00 1 6/22/00 1
12 CN 3/2/00 5 5/18/00 1 6/15/00 1
13 CN 3/2/00 5 5/18/00 1 6/15/00 1
14 CN 3/19/00 5 5/18/00 1 6/15/00 1
16 CN 3/2/00 5 5/18/00 1 6/15/00 1
Sample
Table 2. Metal Analysis Dates and Dilutions
7Results
Enumeration of Bacteria:
MPNs:
The most probable number (MPN) of sulfate-reducing and iron-reducing bacteria
on a per gram basis are summarized in Tables 3 and 4.  Sulfate-reducers were only
enumerated in the sulfate-amended microcosms, and iron-reducers were only enumerated
in the anaerobic microcosms.  Iron reducers were present in all anaerobic microcosms,
with MPNs between 103 to 106 cells per gram of soil.  The iron-reducer MPNs increased
from approximately 104 cells per gram to 105 cells per gram for microcosms 13 and 16
from months 1 through 4.  MPNs increased to106 cells per gram for microcosms 12 and
16 in month 5 (Table 3).
The MPN procedure is a statistical method based on diluting samples to
extinction, or to the point such that no organisms are present  in the last dilution.  Growth
of microorganisms in replicate tubes from a specific dilution is used to calculate the MPN
(Madigan, 2000).  The expected number of sulfate-reducing bacteria was much lower
than expected and there was no or little growth in high dilutions.  To get better results,
lower dilutions were used with the subsequent enumerations.  Few sulfate-reducers were
ever counted with MPNs between 10 and 25 cells per gram at most of the sites (Table 4).
Plate Counts:
A plate count method was used for enumerating the heterotrophic bacteria in the
aerobic microcosms.  This method was good for determining the number of bacterial
colony forming units (CFUs) and the diversity of colony types present in aerobic
microcosms.  The number of CFUs remained about 107 CFUs per gram soil for all
months tested.  The numbers dropped between the first and the last month, however not
to significantly different values. The exception were the site 13 microcosms in which the
number of CFUs dropped an order of magnitude between the first and the second months
(Table 5).
Although bacteria were enumerated in the aerobic control microcosms, the
diversity of colony types in the aerobic active microcosms was much greater.  The
8control microcosms showed had only 2 or 3 types of colonies, which was significantly
lower than the number observed on plates from the active aerobic microcosms.
Chemical Analyses:
Sulfate:
The sulfate-amended microcosms had a greater initial sulfate concentration than
the non-amended anaerobic microcosms by 80 mg/L, the amount of sulfate added.
Sulfate concentrations in anaerobic microcosms 12 and 13 (Figures 2 a and b) remained
above 0 ppm. In contrast the sulfate concentration dropped to 0 ppm in the sulfate-
amended microcosms from the same sites.   In microcosms 14 and 16 the sulfate in the
anaerobic microcosms did drop to 0 ppm by day 50, however the sulfate concentration in
the sulfate-amended microcosms remained greater than 0 ppm for more than a month
longer.
Fe (II):
As expected ferrous iron concentrations were low and constant in the aerobic
microcosms for sites 13,14 and 16 for the duration of the study.  The concentration
increased in the active anaerobic microcosms, and remained steady in the anaerobic
controls. (Figures 3 and 4)  Ferrous iron increased in the anaerobic and sulfate-amended
microcosms at the approximately the same rate in all microcosms, except 12 (Figures 3
and 4). Microcosm 12 had the highest ferrous iron concentration in the aerobic and
anaerobic microcosms, 382.5 ppm on day 128 and 510 ppm on day 130 respectively.  The
difference in the concentrations at this site between the anaerobic and the sulfate-
amended microcosms reached greater than 200 ppm (Figure 3a).  The variance observed
with the site 12 microcosms is much greater than the other three sites, which had
maximum differences of 30 to 80 ppm between the anaerobic and sulfate-amended
microcosms.  The ferrous iron in the site 12 aerobic microcosms were higher than the
concentration in the sulfate-amended microcosms in the latter part of the study, which
also did not occur for any other site.  Like the other sites the concentrations in the aerobic
microcosms were still lower than the concentrations in the anaerobic microcosms.
9pH:
The pH was fairly constant for all the microcosm types.  The sulfate-amended
microcosms, however as a group had the lowest pH early in the study compared to the
other microcosms types.  The pH gradually increased to bring it close to that of the
anaerobic microcosms (Figure 5a and b). The aerobic microcosms  slightly decreased
throughout the study (Figure 5c). Of all the sites, the site 12 microcosms consistently had
the lowest pH for aerobic, anaerobic and sulfate-reducing conditions.
Hydrogen:
The microcosms all consumed approximately 2000 ppmv of hydrogen per day
(Figure 6a and b).  This was dependent on the amount of hydrogen added in the anaerobic
chamber, which was typically 40,000 ppmv each time the microcosms were sampled.
The hydrogen consumption rate increased over time for the anaerobic and sulfate-
amended microcosms. The anaerobic microcosms, however, reached a higher rate of
hydrogen consumption per day than the sulfate-reducing microcosms (Figure 6c and d).
Acetate:
Acetate was below the detection limit, 0.25 mM, in all microcosms.
Subsequently, acetate was not analyzed.
Dissolved Organic Carbon (DOC):
The DOC concentration in the anaerobic, sulfate-amended and aerobic
microcosms ranged between 10 and 25 mg/L between days 50 and 150 (Figure 7). There
did not appear to be any differences associated with site or type of microcosm.
Chemical Oxygen Demand (COD):
The COD in the active microcosms started out low, less than 10 mg/l, and later
increased.  Site 13 aerobic microcosms were anomalous, in that the COD started out at 30
mg/L and then decreased to 20 mg/L.  The control microcosms started out equal or higher
than the active microcosms, except in the aerobic control for site13 and 14.  The
anaerobic microcosms had the greatest amount of COD of all the active sites (Figure 8).
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Zinc:
The zinc concentration was highest in the aerobic microcosms and ranged from as
low as 292 µg/L in the site 13 microcosms to 1720 µg/L in the site 12 microcosms
(Figure 9a).  The active aerobic microcosms were higher than the aerobic controls for the
entire period of the study.  In the sulfate-amended microcosms for sites 12 and 14, the
zinc concentration corresponded directly to the anaerobic controls, which started high,
approximately 1000 µg/L, and decreased quickly to approximately 50 µg/L, while the site
13 and 16 microcosms remained low at approximately 100 µ g/L (Figure 10).  The
concentration in the anaerobic microcosms did not decrease as low as the sulfate-
amended microcosms. The site 12 microcosms had the highest zinc concentration (Figure
9a and c).
Manganese:
The manganese concentration in the sulfate-amended microcosms for sites 12 and
14 increased and then leveled off to 500 µg/L (Figure 11a), and to 1740 µg/L for site 16.
In contrast, manganese concentrations in the anaerobic microcosms continued to increase
except in the site 13 microcosms, which behaved similarly to the sulfate-amended
microcosms (Figure 11b). The anaerobic and control microcosms behaved the same for
sites 12 and 14, while in the active site 16 microcosms, the manganese increased to 1000
µg/L more than the anaerobic control (Figure 12a and c).
Discussion:
Site 12 and 14 microcosms are perhaps the most useful sites to analyze the
potential effects of microbial growth on the solubility of metals because they had the
most noticeable differences between the sulfate-amended and anaerobic conditions. The
results indicate the successful simulation of a sulfate-reducing environment and an iron-
reducing environment with these two microcosm types.  The difference is most apparent
in the zinc and manganese data (Figures 9-12).  Zinc disappears much more quickly in
the sulfate-amended microcosms than in the anaerobic microcosms. Concurrently,
manganese leveled off in the sulfate-amended microcosms but continued to increase in
11
the anaerobic microcosms.  Site 12 microcosms also had a greater gap of ferrous iron
concentration between the iron reducing microcosms and the sulfate-amended
microcosms, indicating a shift from iron reduction as the major terminal electron
accepting process (TEAP) to sulfate reduction as the major TEAP.  Although it is
thermodynamically unfavorable for sulfate reduction to occur when there is readily
available ferric iron to be reduced, sulfate reduction can be a major TEAP even in the
presence of ferric iron.  Coates et al. (1996) found that even with the addition of synthetic
poorly crystalline iron (III) oxide, which is readily reducible by a wide variety of iron-
reducing bacteria, sulfate reduction persisted as the major TEAP in their system. This can
occur especially when sulfate-reducing bacteria MPNs are high, as was the case for the
site 12 sulfate-amended microcosm in the beginning of the study (Table2).  Although the
site 14 microcosms did not have a detectable number of sulfate reducing bacteria (Table
2) sulfide was detected indicating their presence in this microcosm.  A possible
explanation is that MPN analyses did not correspond to the time of highest biological
activity.  It is also possible the medium used for the MPN analysis would not support the
growth of all sulfate-reducing bacteria.
According to the data from sites 12 and 14 microcosms, zinc is highly soluble in
aerobic environments and insoluble in sulfate reducing environments, while under iron-
reducing conditions zinc is consistently maintained at a higher concentration.  The sulfide
produced by the sulfate-reducers most likely precipitates out with metals such as iron,
zinc, cadmium, and copper, which keeps the sulfide concentration low (Evanko and
Dzombak, 1997; Coates et al. 1996)
The anaerobic microcosm from site 12 has the greatest amount of zinc, as well as
the greatest amount of ferrous iron.  Zinc can coprecipitate with hydrous oxides of iron or
manganese (Evanko and Dzombak, 1997).  The high concentration of zinc may be
attributed to the dissolution of these coprecipitates by iron and/ or manganese reducing
microorganisms.  In a paper studying the speciation of zinc at the DePue site by Webb et
al. (2000) it was found that zinc was mostly associated with iron, phosphorous and
calcium in the sediments.  The release of iron through microbial reduction of ferric iron
may release zinc as well, which may be the reason zinc levels were higher in the
anaerobic microcosms (Figures 9b and 3c).
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Manganese is also affected by the sulfate amendment to soil.  The sulfide
produced by the sulfate-reducers may have been in excess of the concentration the
ecosystem is able to handle and the extra sulfide precipitated the reduced manganese out
of solution.
An alternative interpolation of these data is that the major TEAP is iron-reduction
for all the active anaerobic microcosms, but the differences discussed earlier occurred
due to chemical reactions with increased sulfate and sulfide concentrations.  The large
difference in ferrous iron in the site 12 microcosm may have been caused by the added
sulfate to the system, which reduced to sulfide. This sulfide may have precipitated out the
ferrous iron as iron sulfide. Iron sulfide is black in color and all of the sulfate-amended
microcosms had developed a black coating on the glass of the microcosm bottles.  The
concentration of ferrous iron in the site 12 sulfate-amended microcosms is not
significantly different from the other sites. The ferrous iron concentration in the
anaerobic and the aerobic microcosms are higher than the other sites (Figure 3a and 4a).
The uniformity in the sulfate-amended microcosms may be due to the addition of the
same amount of sulfate to each system and the ability of that amendment to precipitate
out iron sulfide (Figure 4a).
Conclusion:
The solubilities of iron, zinc and manganese are affected by redox conditions.
The greatest difference in solubilities is between aerobic and anaerobic conditions and
more subtly between iron-reducing and sulfate-reducing environments.  Zinc is at high
concentration in aerobic systems and at lower concentration in anaerobic systems.   The
zinc concentration is higher in iron-reducing conditions and lower in sulfate-reducing
conditions.  Manganese, on the other-hand is negligible, in aerobic systems and is
prevalent in all anaerobic systems.  Manganese consistently increases in iron-reducing
systems, while it increases and then levels off in sulfate reducing conditions.  Iron is
similar to manganese in that the concentration is lower in aerobic systems and higher in
anaerobic systems. The concentration of ferrous iron, however, is lower in sulfate-
reducing systems and higher in iron-reducing systems.  The mobility of the metals relies
on the availability of a medium, water.  In the case at DePue there is usually no water
when the soil is aerobic, as it is dry.  Therefore zinc, which is the main concern for
13
DePue, still will probably not be mobile except during the transition of aerobic to
anaerobic conditions, when the soil is flooded.  In contrast iron and manganese, which
are a lesser concern, will likely be quite mobile under flooded anaerobic conditions.
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Table 3. Cell enumeration data for iron-reducing organisms in the anaerobic
microcosms.*
Table 4. Cell enumeration data sulfate reducing organisms in the sulfate-amended
microcosms.*
Table 5. Plate count for aerobic microcosms grown on R2A medium.*
*  Tables 3, 4, and 5 represent the average of the cells per gram calculated for each replicate of the
microcosm type.  The shaded cells represent all of the replicates reached the detection limit of the test.
Cells that have a greater than or less than sign, means at least one of the replicates reached the detection
limit.  #N/A means there is no data for that microcosm at that time period.  The first medium used for
growing iron-reducers used iron oxyhydroxide as an electron acceptor; the subsequent media used used
ferric citrate as an electron acceptor.
Months 12 13 14 16
1 1800 25000 < 4054 < 1500
2 < 1500 < 5000 < 4054 < 1500
3 #N/A #N/A < 405 #N/A
4 < 150 < 500 24 < 150
5 18 20 #N/A 11
Average Cells per Gram of Sulfate reducers in 
Sulfate Amended Microcosms
Months 12 13 14 16
1 #N/A #N/A > 31081 #N/A
2 3633 > 235833 > 21622 > 21500
3 2233 > 2192 > 62162 > 12000
4 15667 8833 #N/A 16050
5 > 1200000 > 766667 > 2162162 > 300000
Average Cells per Gram of Iron reducers in 
Anaerobic Microcosms
Months 12 13 14 16
1 14222222 61574074 #N/A 25972222
2 9108333 8481481 11925676 9519444
3 #N/A 12268519 9988739 6475000
4 8341667 #N/A #N/A #N/A
5 10422222 19555556 22511261 10763889
Average Cells per Gram from Plate Count in 
Aerobic Microcosms
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Figure 1. Sulfate data for each microcosm.  A) shows sulfate data for the sulfate-
amended microcosms.  B) shows sulfate data for the anaerobic microcosms.  C) shows
sulfate data for the aerobic microcosms.
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Figure 2. Sulfate data for each sulfate-reducing microcosm from the different sites.  A =
12,  B = 13, C = 14 and D = 16.
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Figure 3. The ferrous-iron concentration in the anaerobic, sulfate-amended, aerobic and
anaerobic control microcosms for sites 12 (A), 13 (B), 14(C) and 16(D).
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Figure 4. Ferrous iron concentrations by microcosm type: sulfate-amended (A),
anaerobic (B) and aerobic (C).
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Figure 5. pH by microcosm type: Anaerobic (A), Sulfate-amended (B), and Aerobic(C).
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Figure 6.  Estimated hydrogen consumption per day in the Anaerobic and
Sulfate-amended microcosms. A and B are the summation of the hydrogen
concentration collected subtracted from the concentration of hydrogen added to
each microcosm when exposed to the anaerobic chamber which contained 40,000
ppmv hydrogen. C and D show the change in rate of hydrogen consumption for
each type of anaerobic microcosm.
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Figure 7.  Averaged Dissolved organic carbon (DOC) by microcosm type.
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Figure 8.  Chemical Oxygen Demand (COD) by site.  The bar graph shows the
values of COD early and late in the microcosm study, for sites 12 (A),13(B) and
16(D).  The sampling time corrolates to approximately 25 days and 75 days from
the start of the study.  For site 14 (C) this time corrolates to about 7 days and 50
days into the study.
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Figure 9.  Zinc concentration in each microcosm type. Sulfate-amended (A), Anaerobic
(B), Aerobic(C), and Anaerobic Control (D).
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Figure 10.  Zinc concentrations in anaerobic, sulfate-amended and anaerobic
control microcosms by site: 12 (A), 13 (B), 14(C) and 16(D).
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Figure 11.  Manganese concentrations by microcosm type. Sulfate-amended (A),
Anaerobic (B), and Anaerobic Control (C).
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Figure 12.  Manganese concentrations by site: 12 (A), 13 (B), 14(C) and 16(D).
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Appendix A
Preparation of Artificial River Water:
• Add all ingredients to a flask:
• 2L of DI water
• 0.08 g MgO
• 0.22 g Ca(OH)2
• 1.8 ml 1M H2SO4
• 2.2 mL 2.0 M NaCl
• pH will be >11
• Bubble with filtered air (Q=814 cm3/min)
• Bubble with 10%CO2 in N2 (Q=67 cm
3/min)
• For anaerobic river water:
• Degas the artificial river water by bubbling with N2 and make sure pH is around 7 by
bubbling CO2.
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Appendix B
For this table the aerobic, anaerobic, sulfate-amended, anaerobic controls and aerobic controls are represented by the
label: A, F, S, CA, and CN respectively.
29-Feb
A*
1-Mar 2-Mar FSCaCn* 3-Mar 4-Mar
5-Mar 6-Mar 7-Mar 8-Mar 9-Mar 10-Mar 11-Mar
12-Mar 13-Mar 14-Mar 15-Mar 16-Mar 17-Mar A* 18-Mar
19-Mar FSCnCa* 20-Mar 21-Mar 22-Mar 23-Mar 24-Mar 25-Mar
26-Mar 27-Mar 28-Mar 29-Mar A* 30-Mar 31-Mar 1-Apr
2-Apr FS 3-Apr 4-Apr 5-Apr 6-Apr 7-Apr 8-Apr
9-Apr 10-Apr 11-Apr A 12-Apr 13-Apr 14-Apr 15-Apr
16-Apr 17-Apr A 18-Apr 19-Apr SFCn 20-Apr 21-Apr 22-Apr
23-Apr 24-Apr 25-Apr 26-Apr 27-Apr ACaCn 28-Apr 29-Apr
30-Apr 1-May 2-May 3-May F 4-May 5-May S 6-May
7-May 8-May 9-May 10-May 11-May A 12-May 13-May
14-May 15-May 16-May F 17-May 18-May SCn 19-May 20-May
21-May 22-May 23-May A 24-May Ca 25-May 26-May 27-May
28-May 29-May 30-May 31-May F 1-Jun S 2-Jun 3-Jun
4-Jun 5-Jun A 6-Jun 7-Jun 8-Jun 9-Jun 10-Jun
11-Jun 12-Jun 13-Jun 14-Jun 15-Jun FSCn 16-Jun 17-Jun
18-Jun 19-Jun 20-Jun 21-Jun 22-Jun Aca 23-Jun 24-Jun
25-Jun 26-Jun 27-Jun 28-Jun 29-Jun 30-Jun F 1-Jul
2-Jul S 3-Jul 4-Jul 5-Jul A 6-Jul 7-Jul 8-Jul
9-Jul 10-Jul 11-Jul FSCn 12-Jul 13-Jul 14-Jul 15-Jul
16-Jul 17-Jul 18-Jul 19-Jul 20-Jul 21-Jul 22-Jul
23-Jul 24-Jul FSA 25-Jul 26-Jul 27-Jul 28-Jul 29-Jul
30-Jul 31-Jul 1-Aug CaCn 2-Aug F 3-Aug 4-Aug 5-Aug
6-Aug 7-Aug 8-Aug SA 9-Aug 10-Aug 11-Aug 12-Aug
These dates correspond to sample periods 1-12, the periods are denoted in alternating color.  
Sample period 11 (7/24-8/1) is when the microcosms were renewed.
Definition renewed: F and A were aerated, sulfate was added to S, acetate was added to F and S, 
and the control were autoclaved.
* limited sample available <5.25mL taken on sample date
t f s
Schedule of Sample Periods and Dates of Sampling
s m t w
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Appendix C
Raw data spreadsheet
Page Microcosm
31 Aerobic (A)
32 Sulfate-Amended (Sulf)
33 Anaerobic (Fe)
34 Aerobic Control (CA)
35 Anaerobic Control (CN)
Parameter Units
Fe(II) ppm
Sulfate ppm
TOC mg/L
COD mg/L
Zinc µg/L
Manganese µg/L
Magnesium µg/L
Cadmium µg/L
Copper µg/L
Lead µg/L
Iron µg/L
Calcium µg/L
Sodium µg/L
Potassium µg/L
31
Date Days Fe (II) Sulfate TOC COD pH Zinc Manganese Magnesium Cadmium Copper Lead Iron Calcium Sodium Potassium
2/29/00 7 #N/A 51.9 #N/A #N/A #N/A 632 #N/A 16350 23 17.5 0.47 195 62500 43250 2405
3/17/00 24 #N/A #N/A #N/A 2.89 6.9 1087 #N/A 16300 31 12.5 0.42 210 75000 40600 2505
3/29/00 36 0 36 #N/A #N/A #N/A 1493 5.2 17000 38 20 3.98 654 80200 42800 3260
4/2/00 40 #N/A #N/A #N/A #N/A 6.99 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/17/00 55 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/27/00 65 217.8 55.57 17.3 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/8/00 76 #N/A #N/A #N/A #N/A 6.83 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/11/00 79 #N/A #N/A 19.8 52.5 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/23/00 91 219.7 89.7 6.5 26.2 6.85 1720 2.32 14500 34 10.84 0.46 64 64000 35760 2250
6/5/00 104 0 24.4 #N/A #N/A 6.81 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
6/22/00 121 382.5 #N/A 5.7 #N/A 6.82 1710 2.09 15500 40 12.59 0.33 55 69000 35900 2290
7/5/00 134 #N/A 25.22 #N/A #N/A 6.72 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
Date Days Fe (II) Sulfate TOC COD pH Zinc Manganese Magnesium Cadmium Copper Lead Iron Calcium Sodium Potassium
2/29/00 14 #N/A 53.5 #N/A #N/A #N/A 17 #N/A 16600 1.65 22 0.32 230 65000 48650 520
3/17/00 31 #N/A #N/A #N/A 29.23 7.18 77 #N/A 17650 3.15 8 2.32 235 87000 45300 #N/A
3/29/00 43 0 32.2 #N/A #N/A #N/A 145 5 16100 3 15.6 2.98 680 64800 45000 900
4/2/00 47 #N/A #N/A #N/A #N/A 7.38 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/17/00 62 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/27/00 72 52.5 48.77 14.8 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/8/00 83 #N/A #N/A #N/A #N/A 7.24 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/11/00 86 #N/A #N/A 18.7 37.2 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/23/00 98 18.5 83.9 3.27 19.7 7.29 292 2.59 14100 3.11 7 0.7 76 58100 42800 980.9
6/5/00 111 0 21.7 #N/A #N/A 7.23 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
6/22/00 128 68.2 #N/A 39.6 #N/A 7.17 49 2.41 13900 2.3 6.2 0.55 93 55800 39700 872.7
7/5/00 141 #N/A 34.6 #N/A #N/A 7.22 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
Date Days Fe (II) Sulfate TOC COD pH Zinc Manganese Magnesium Cadmium Copper Lead Iron Calcium Sodium Potassium
3/11/00 1 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
3/17/00 7 #N/A #N/A #N/A 6.307 7.19 592 #N/A 18600 22.5 13 0.32 310 81500 47850 1445
3/29/00 19 0 43.3 #N/A #N/A #N/A 801 5.4 18980 26 17.2 3.38 648 71800 50000 1806
4/2/00 23 #N/A #N/A #N/A #N/A 7.33 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/17/00 38 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/27/00 48 140.5 59.9 15.4 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/8/00 59 #N/A #N/A #N/A #N/A 7.08 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/11/00 62 #N/A #N/A 25 37.16 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/23/00 74 107.9 87.5 3.7 16.4 7.08 1120 3 15500 31 11.46 0.69 58 72600 38200 1400
6/5/00 87 0 32.03 #N/A #N/A 7.02 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
6/22/00 104 156.5 #N/A 40.3 #N/A 6.98 895 2 16700 31 10.6 0.25 46 74200 45200 1530
7/5/00 117 #N/A 38.07 #N/A #N/A 7.03 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
Date Days Fe (II) Sulfate TOC COD pH Zinc Manganese Magnesium Cadmium Copper Lead Iron Calcium Sodium Potassium
2/29/00 7 #N/A 47.5 #N/A #N/A #N/A 32 #N/A 17200 3.2 12 0 305 64500 50500 785
3/17/00 24 #N/A #N/A #N/A 6.307 7.1 352 #N/A 14900 8 16 1.57 285 70000 45650 #N/A
3/29/00 36 0 34.3 #N/A #N/A #N/A 307 7.6 15060 8.2 32 3.38 724 28200 48400 770
4/2/00 40 #N/A #N/A #N/A #N/A 7.26 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/17/00 55 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/27/00 65 73.1 46.09 15.3 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/8/00 76 #N/A #N/A #N/A #N/A 7.14 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/11/00 79 #N/A #N/A 4 39.3 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/23/00 91 67.8 90.5 4.3 19.7 7.09 546 2.7 13000 8.32 8.69 0.62 68 60500 42600 833.7
6/5/00 104 0 22.91 #N/A #N/A 7.11 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
6/22/00 121 141.5 #N/A 42.5 #N/A 7.06 226 1.94 14100 8.27 8.28 0.61 #N/A 72000 41600 763.1
7/5/00 134 #N/A 26.85 #N/A #N/A 7.04 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
12A
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Date
Days from Sulfate 
Amendement Days Fe(II) Sulfate TOC COD pH Zinc Manganese Magnesium Cadmium Copper Lead Iron Calcium Sodium Potassium
3/2/00 4 9 #N/A 66.8 #N/A #N/A #N/A 1012 42.5 21650 34.5 24 #N/A 690 84500 97000 3445
3/19/00 21 26 #N/A 95.7 #N/A 1.88 #N/A 657 465 #N/A 23.5 34 #N/A 340 #N/A #N/A 3020
4/2/00 35 40 31.5 59.2 #N/A #N/A #N/A 523 780 16960 1.14 4.8 2.18 320 75800 79000 1892
4/3/00 36 41 #N/A #N/A #N/A #N/A 6.75 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/19/00 52 57 178.8 58.19 6.3 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/5/00 68 73 86.1 31.9 17.25 #N/A 7.07 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/18/00 81 86 77.9 #N/A 8.9 17.06 7.05 104 501 9700 0.22 1.2 0.65 84 42200 52500 1650
6/1/00 95 100 209.4 0 12.6 #N/A 7.1 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
6/16/00 110 115 289.3 #N/A 49.7 #N/A 7.12 43 579 15600 0.1 1.87 0.44 160 46600 75200 2070
7/2/00 126 131 280.7 #N/A 9.4 #N/A 7.2 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
7/11/00 135 140 246.5 #N/A 17.99 #N/A 7.23 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
Date
Days from Sulfate 
Amendement Days Fe(II) Sulfate TOC COD pH Zinc Manganese Magnesium Cadmium Copper Lead Iron Calcium Sodium Potassium
3/2/00 4 10 #N/A 69.8 #N/A #N/A #N/A 72 1640 23850 0.65 18 5.32 320 77000 102500 665
3/19/00 21 27 #N/A 78.2 #N/A 6.545 #N/A 37 1695 20000 #N/A 6.5 8.32 340 81500 97500 1155
4/2/00 35 41 92.96 47.5 #N/A #N/A #N/A 127 2260 22800 #N/A 7 1.24 662 80600 87200 862
4/3/00 36 42 #N/A #N/A #N/A #N/A 6.97 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/19/00 52 58 58.97 13.3 0 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/5/00 68 74 135.4 2.9 26 #N/A 7.12 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/18/00 81 87 143.5 #N/A 24.4 34.154 7.2 115 1280 16900 0.15 1.73 0.28 228 65600 74500 567.1
6/1/00 95 101 221.7 0 35.9 #N/A 7.24 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
6/16/00 110 116 202.7 #N/A 39.4 #N/A 7.25 29 625 20400 #N/A 1.99 0.94 45 64600 84300 652.3
7/2/00 126 132 234.1 #N/A 7.7 #N/A 7.3 #N/A #N/A #N/A 25.5 15.5 3.12 345 88000 104000 2400
7/11/00 135 141 187.8 #N/A 5.7 #N/A 7.34 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
Date
Days from Sulfate 
Amendement Days Fe(II) Sulfate TOC COD pH Zinc Manganese Magnesium Cadmium Copper Lead Iron Calcium Sodium Potassium
3/19/00 4 9 #N/A 122.2 #N/A 0 #N/A 802 270 21525 #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/2/00 18 23 36.26 72.7 #N/A #N/A #N/A 709 862 17720 1.68 17.6 63.58 256 73800 84400 1612
4/3/00 19 24 #N/A #N/A #N/A #N/A 6.77 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/19/00 35 40 103.8 76.03 5 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/5/00 51 56 95.5 56.9 9.9 #N/A 7.136 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/18/00 64 69 104.8 #N/A 6.4 12.39 7.16 156 923 15500 0.29 3.96 0.56 83 66000 75500 1260
6/1/00 78 83 156.6 8.2 25.7 #N/A 7.25 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
6/16/00 93 98 168.2 #N/A 7.3 #N/A 7.29 39 533 14800 0.12 6.13 0.9 91 57920 85200 1340
7/2/00 109 114 271.1 #N/A 6.6 #N/A 7.33 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
7/11/00 118 123 230.4 #N/A 18.7 #N/A 7.4 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
Date
Days from Sulfate 
Amendement Days Fe(II) Sulfate TOC COD pH Zinc Manganese Magnesium Cadmium Copper Lead Iron Calcium Sodium Potassium
3/2/00 4 9 #N/A 88.9 #N/A #N/A #N/A 92 105 19600 6 11.5 #N/A 265 84500 102000 585
3/19/00 21 26 #N/A 93.64 #N/A 1.89 #N/A 127 660 18400 7.5 20 0.97 320 77500 98000 870
4/2/00 35 40 31.9 80.7 #N/A #N/A #N/A 171 1134 15920 0.5 6 1.06 256 68600 87200 870
4/3/00 36 41 #N/A #N/A #N/A #N/A 6.94 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/19/00 52 57 96.8 45.22 10.6 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/5/00 68 73 108.5 24.8 26 #N/A 7.19 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/18/00 81 86 125.9 #N/A 7.5 12.39 7.17 103 1840 13800 0.13 4.02 0.35 61 64300 70400 537.6
6/1/00 95 100 208.6 0 20.6 #N/A 7.29 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
6/16/00 110 115 199.3 #N/A 35.3 #N/A 7.3 30 1740 15000 0.29 1.76 0.55 173 62300 84800 335.8
7/2/00 126 131 230.5 #N/A 12.15 #N/A 7.35 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
7/11/00 135 140 148.8 #N/A 12.4 #N/A 7.38 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
Note: Days used in all plots are days from sulfate amendement
12Sulf
13Sulf
14Sulf
16Sulf
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Date Days Fe(II) Sulfate TOC COD pH Zinc Manganese Magnesium Cadmium Copper Lead Iron Calcium Sodium Potassium
3/2 10 #N/A 56.3 #N/A #N/A #N/A 1277 75 17900 36 18 0 380 95500 45800 2950
3/19 27 #N/A 41.06 #N/A 1.88 #N/A 1072 620 20150 35.5 10 0 320 72000 46650 3155
4/2 41 52.4 35.4 #N/A #N/A #N/A 1579 962 15700 28 5.8 0.98 242 60700 43800 2440
4/12 51 #N/A #N/A #N/A #N/A 7.03 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/19 58 121.4 15.6 0 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/26 65 #N/A #N/A #N/A #N/A 7.17 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/2 71 #N/A 6.97 6 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/3 72 #N/A #N/A #N/A #N/A 7.04 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/16 85 302.7 5.5 12.5 26.76 7.1 715 1550 14400 2.92 2.31 0.66 204 62000 40900 2170
5/31 100 407.1 4.6 6.3 #N/A 7.11 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
6/15 115 474.2 4.3 60 #N/A 7.06 793 2370 17300 6.4 4.07 0.6 188 74900 44500 2780
6/30 130 510.8 1.02 20.2 #N/A 7.09 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
7/11 141 403.7 #N/A 13.2 #N/A 7.12 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
Date Days Fe(II) Sulfate TOC COD pH Zinc Manganese Magnesium Cadmium Copper Lead Iron Calcium Sodium Potassium
3/2 9 #N/A 50.7 #N/A #N/A #N/A 37 1255 21100 #N/A 22 0 285 102000 50500 840
3/19 26 #N/A 37.42 #N/A 1.89 #N/A 117 1760 27800 #N/A #N/A #N/A 445 94000 61000 1100
4/2 40 84.2 24.1 #N/A #N/A #N/A 407 2880 20800 #N/A 3.6 1.02 6050 96600 46600 890
4/12 50 #N/A #N/A #N/A #N/A 7.28 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/19 57 120.4 14.6 3.4 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/26 64 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/2 70 #N/A 6.95 28.5 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/3 71 #N/A #N/A #N/A #N/A 7.15 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/16 84 135.9 5.5 21.2 46.64 7.21 127 1360 21000 0.17 1.81 0.36 728 69300 47800 765.3
5/31 99 196.4 4.6 4.8 #N/A 7.27 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
6/15 114 173.8 4.4 30.99 #N/A 7.23 174 1720 25600 0.2 199 9.84 611 92400 52700 797.3
6/30 129 188.4 1 16.5 #N/A 7.34 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
7/11 140 159.9 #N/A 8.2 #N/A 7.35 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
Date Days Fe(II) Sulfate TOC COD pH Zinc Manganese Magnesium Cadmium Copper Lead Iron Calcium Sodium Potassium
3/2 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
3/19 9 #N/A 72.2 #N/A 1.89 #N/A 622 495 23100 5 12 0 310 84500 57500 2195
4/2 23 32.3 45.5 #N/A #N/A #N/A 901 982 18000 #N/A 8.4 1.42 306 68550 49400 1994
4/12 33 #N/A #N/A #N/A #N/A 7.12 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/19 40 85.7 6.14 0 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/26 47 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/2 53 #N/A 0 4.7 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/3 54 #N/A #N/A #N/A #N/A 7.23 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/16 67 144 0 12.1 35.48 7.296 172 1390 17800 0.44 2.88 1.06 1120 66000 44000 1010
5/31 82 220.16 0 5.7 #N/A 7.34 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
6/15 97 248.2 0 45.8 #N/A 7.36 105 2230 24100 0.11 1.82 0.41 6840 103000 56800 1270
6/30 112 238.5 0 23 #N/A 7.34 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
7/11 123 386.1 0 8.2 #N/A 7.35 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
Date Days Fe(II) Sulfate TOC COD pH Zinc Manganese Magnesium Cadmium Copper Lead Iron Calcium Sodium Potassium
3/2 9 #N/A 22.7 #N/A #N/A #N/A 47 600 16500 #N/A 9 0.77 335 92500 46850 685
3/19 26 #N/A 37.05 #N/A 0 #N/A 102 1080 15850 #N/A #N/A 0 280 63500 48150 920
4/2 40 48.9 20.88 #N/A #N/A #N/A 137 1468 14720 #N/A 6.6 0.82 264 57800 45600 976
4/12 #N/A #N/A #N/A #N/A #N/A 7.22 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/19 57 116.1 0 0.24 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/26 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/2 70 #N/A 0 5.5 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/3 #N/A #N/A #N/A #N/A #N/A 7.24 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/16 84 143 0 28.5 41.67 7.27 112 2620 17800 0.19 3.13 0.32 512 79400 44200 582.5
5/31 99 242.25 0 12.6 #N/A 7.32 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
6/15 114 219.3 0 29.2 #N/A 7.32 73 3740 23600 0.14 1.56 0.35 7070 108700 52500 536.7
6/30 129 260.7 0 18.3 #N/A 7.34 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
7/11 140 260.1 0 6.3 #N/A 7.31 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
12FE
13Fe
14FE
16Fe
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Date Days Fe(II) Sulfate TOC COD pH Zinc Manganse Magnesium Cadmium Copper Lead Iron Calcium Sodium Potassium
3/2/00 1 #N/A 41.95 #N/A #N/A #N/A 177 43 11000 9.5 60 73.3 250 77000 42500 4235
3/19/00 18 #N/A 72.64 #N/A 15.9 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
3/21/00 20 #N/A #N/A #N/A #N/A 7.068 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/3/00 33 #N/A #N/A #N/A #N/A 7.23 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/25/00 55 #N/A #N/A #N/A #N/A 7.134 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/27/00 57 132.6 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/24/00 84 71.97 #N/A 9 23.5 #N/A 1090 5 15300 26 19.3 0.81 42 72400 43200 3780
5/25/00 85 #N/A #N/A #N/A #N/A 7.04 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
6/22/00 113 #N/A #N/A 46.3 #N/A 6.84 516 10.26 18500 26 18.2 0.56 35 88400 41000 3580
Date Days Fe(II) Sulfate TOC COD pH Zinc Manganse Magnesium Cadmium Copper Lead Iron Calcium Sodium Potassium
3/2/00 1 #N/A 50.1 #N/A #N/A #N/A 7 43 9450 0.95 47 -0.13 295 51500 48900 1230
3/19/00 18 #N/A 61.31 #N/A 6.55 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
3/21/00 20 #N/A #N/A #N/A #N/A 7.486 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/3/00 33 #N/A #N/A #N/A #N/A 7.816 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/25/00 55 #N/A #N/A #N/A #N/A 7.48 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/27/00 57 112.95 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/24/00 84 18.27 #N/A 9.97 12.4 #N/A 161 1.68 13000 1.26 10.34 0.5 43 59100 50700 1780
5/25/00 85 #N/A #N/A #N/A #N/A 7.46 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
6/22/00 113 #N/A #N/A 11.1 #N/A 7.347 28 2.34 13600 1.43 13.08 0.91 59 61400 52700 1450
Date Days Fe(II) Sulfate TOC COD pH Zinc Manganse Magnesium Cadmium Copper Lead Iron Calcium Sodium Potassium
3/2/00 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
3/19/00 4 #N/A 90.29 #N/A 2.82 #N/A 192 36 15500 9 25.5 0 270 147500 53000 2150
3/21/00 6 #N/A #N/A #N/A #N/A 7.732 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/3/00 19 #N/A #N/A #N/A #N/A 7.757 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/25/00 41 #N/A #N/A #N/A #N/A 7.764 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/27/00 43 50.25 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/24/00 70 20.3 #N/A 9.2 17.1 #N/A 338 3.27 15000 8.62 15.41 1.48 59 77500 43400 2120
5/25/00 71 #N/A #N/A #N/A #N/A 7.467 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
6/22/00 99 #N/A #N/A 41 #N/A 7.328 326 1.7 13800 7.96 12.29 0.41 37 60800 38000 1690
Date Days Fe(II) Sulfate TOC COD pH Zinc Manganse Magnesium Cadmium Copper Lead Iron Calcium Sodium Potassium
3/2/00 1 #N/A 40.1 #N/A #N/A #N/A 37 31 13050 4.65 1140 1.82 490 117000 58500 1005
3/19/00 18 #N/A 48.26 #N/A 6.55 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
3/21/00 20 #N/A #N/A #N/A #N/A 7.538 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/3/00 33 #N/A #N/A #N/A #N/A 7.619 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/25/00 55 #N/A #N/A #N/A #N/A 7.501 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/27/00 57 99.65 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/24/00 84 16.22 #N/A 10 18.6 #N/A 178 3.16 12400 2.3 9.71 0.6 31 60500 40000 1130
5/25/00 85 #N/A #N/A #N/A #N/A 7.467 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
6/22/00 113 #N/A #N/A 39 #N/A 7.328 54 1.76 12400 2.42 10.47 0.3 47 57500 42000 887.4
12CA
13CA
14CA
16CA
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Date Days Fe(II) Sulfate TOC COD pH Zinc Manganse Magnesium Cadmium Copper Lead Iron Calcium Sodium Potassium
3/2/00 1 #N/A 51.5 #N/A #N/A #N/A 772 470 18250 30 50 0.97 560 95000 48400 3745
3/19/00 18 #N/A 65.82 #N/A 34.5 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/3/00 33 #N/A #N/A #N/A #N/A 6.87 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/26/00 56 #N/A #N/A #N/A #N/A 7.047 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/27/00 57 163.3 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/18/00 78 128.4 21.2 10.3 30.9 7.027 351 1550 15000 0.43 4.04 0.85 113 72100 40700 2170
6/15/00 106 124.8 #N/A 28.1 #N/A 7.092 118 1890 14800 0.27 6.14 0.57 857 67100 31900 2370
7/11/00 132 #N/A 2.45 21.1 #N/A 7.185 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
Date Days Fe(II) Sulfate TOC COD pH Zinc Manganse Magnesium Cadmium Copper Lead Iron Calcium Sodium Potassium
3/2/00 1 #N/A 47.3 #N/A #N/A #N/A 32 1715 21500 0.55 19 0.42 365 117500 49650 905
3/19/00 18 #N/A 49.14 #N/A 11.2 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/3/00 33 #N/A #N/A #N/A #N/A 7.094 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/26/00 56 #N/A #N/A #N/A #N/A 7.145 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/27/00 57 84.5 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/18/00 78 76.7 4 26.4 43.2 7.141 115 1230 18300 0.16 1.55 0.61 75 69600 42600 711.9
6/15/00 106 72.7 #N/A 29.3 #N/A 7.119 10 1990 20000 0.28 1.99 0.6 635 81000 43000 720.5
7/11/00 132 #N/A 2.33 53.9 #N/A 7.178 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
Date Days Fe(II) Sulfate TOC COD pH Zinc Manganse Magnesium Cadmium Copper Lead Iron Calcium Sodium Potassium
3/2/00 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
3/19/00 4 #N/A 74.83 #N/A 20.5 #N/A 1087 460 19150 30.5 39.5 8.32 320 79500 56500 2350
4/3/00 19 #N/A #N/A #N/A #N/A 6.934 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/26/00 42 #N/A #N/A #N/A #N/A 6.923 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/27/00 43 47.1 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/18/00 64 40.7 116 13.7 26.3 7.128 312 1170 18200 1.4 4.23 1.03 68 81400 46300 1800
6/15/00 92 58.1 #N/A 12.7 #N/A 7.065 75 2040 21100 0.6 3.33 1.08 418 88400 52700 1670
7/11/00 118 #N/A 2.167 22.7 #N/A 7.223 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
Date Days Fe(II) Sulfate TOC COD pH Zinc Manganse Magnesium Cadmium Copper Lead Iron Calcium Sodium Potassium
3/2/00 1 #N/A 49.1 #N/A #N/A #N/A 37 485 21500 0.65 13.5 0 340 73500 51000 945
3/19/00 18 #N/A 50.14 #N/A 1.89 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/3/00 33 #N/A #N/A #N/A #N/A 7.227 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/26/00 56 #N/A #N/A #N/A #N/A 7.215 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
4/27/00 57 138.9 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
5/18/00 78 70.7 25.7 10.2 30.9 7.203 224 1230 17300 0.27 3.71 0.51 72 83600 47300 1070
6/15/00 106 90.5 #N/A 21.3 #N/A 7.199 37 1990 18800 0.15 1.51 0.25 650 84000 52300 647
7/11/00 132 #N/A 1.9 21.3 #N/A 7.257 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
12CN
13CN
14CN
16CN
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Appendix D
Day 12 13 16 day 14
46 0.875 0.5 0.125 29 1.225
61 0.656 0.16467 1.01567 44 4.431
68 0.55567 0.146 0.502 51 #N/A
75 #N/A 0.159 #N/A 58 0.419
84 1.467 0.264 1.16267 67 2.536
96 0.13167 0.056 0.105 79 0.434
110 0.14867 0.11533 0.11433 93 0.092
127 0.1345 0.09867 0.08533 110 0.096
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Appendix F
Complete Chemical Results of Water Samples
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Table F-1. Parameters measured before collecting ground-water samples at the DePue site.
Conductivity
(μS/cm)
ORP
(mV)
DO
(mg/L)Well Date T (EC) pH
13-15P 1-Oct-97 13.9 6.73 1570 190 *
13-10P 1-Oct-97 * 6.82 1725 * *
12-10P 1-Oct-97 * 6.78 * 155 *
12-10P 1-Oct-97 * 6.78 * 155 *
12-15P 1-Oct-97 * 6.85 * 109 *
15-10P 2-Oct-97 * 7.01 * 152 *
Blank 2-Oct-97 * * * * *
15-15P 2-Oct-97 15.0 7.05 * 174 *
15-15P 2-Oct-97 15.0 7.05 * 174 *
14-15P 2-Oct-97 14.9 7.01 * 161 *
14-10P 2-Oct-97 16.4 6.99 * 174 *
17-15P 3-Oct-97 12.2 6.87 * 165 *
16-15P 3-Oct-97 * 7.22 * -42 *
16-15P 15-Oct-97 16.1 6.95 1345 -15 *
Blank 15-Oct-97 * * * * *
16-10P 15-Oct-97 16.7 6.70 1420 -75 *
16-10P 15-Oct-97 16.7 6.70 1420 -75 *
16-5P 15-Oct-97 17.7 6.86 1450 221 *
16-Srf 15-Oct-97 14.1 7.69 1520 308 *
14-15P 16-Oct-97 14.6 6.96 1237 218 *
14-10P 16-Oct-97 14.7 6.93 1257 219 *
14-5P 16-Oct-97 15.4 6.82 1311 244 *
14-Srf 16-Oct-97 * 7.95 * * *
12-15P 16-Oct-97 15.2 6.86 1449 287 *
12-10P 16-Oct-97 15.0 6.86 1504 236 *
14-15P 16-Oct-97 14.6 6.75 1237 218 *
Blank 16-Oct-97 * * * * *
12-5P 16-Oct-97 15.3 6.83 1516 258 *
12-Srf 16-Oct-97 14.2 7.34 * * *
Blank 27-Jul-98 * * * * *
17-15P 28-Jul-98 12.0 6.96 750 129 *
17-5P 28-Jul-98 * * * * *
16-10P 28-Jul-98 * 6.69 3600 -94 *
16-5P 28-Jul-98 * 6.79 1020 184 *
15-15P 28-Jul-98 * 7.05 1060 160 *
15-10P 28-Jul-98 * 7.04 1240 43 *
15-5P 28-Jul-98 * 6.84 1910 233 *
14-15P 28-Jul-98 14.8 7.11 1260 222 *
14-10P 28-Jul-98 * 6.99 1330 184 *
14-5P 29-Jul-98 * 6.62 2350 189 *
17-10P 29-Jul-98 * 7.07 1700 -143 *
16-15P 29-Jul-98 * * * * *
13-15P 29-Jul-98 * 6.93 1420 277 *
13-10P 29-Jul-98 * 6.93 1500 298 *
Blank 30-Jul-98 * * * * *
12-15P 29-Jul-98 * 6.94 1360 300 *
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Table F-1. (continued)
Conductivity
(μS/cm)
ORP
(mV)
DO
(mg/L)Well Date T (EC) pH
12-15P 29-Jul-98 * 6.94 1360 300 *
12-10P 29-Jul-98 * 6.89 1260 214 *
12-5P 29-Jul-98 * 6.86 * * *
1-15P 15-Sep-98 20.4 6.86 650 -74 *
2-15P 15-Sep-98 15.5 6.76 1220 78 *
3-15P 15-Sep-98 15.3 6.85 1140 258 *
3-15P 15-Sep-98 15.3 6.85 1140 258 *
4-15P 15-Sep-98 16.2 6.70 1280 300 *
8-15P 15-Sep-98 15.4 6.85 1470 4 *
5-10P 15-Sep-98 16.7 7.16 1070 -9 *
5-5P 15-Sep-98 * * * * *
11-10P 15-Sep-98 18.0 7.11 1310 184 *
10-5P 15-Sep-98 18.8 6.64 1740 63 *
10-10P 15-Sep-98 15.5 6.76 1500 7 *
9-5P 15-Sep-98 19.6 6.81 2275 -92 *
9-10P 15-Sep-98 16.1 6.78 1850 -53 *
8-5P 15-Sep-98 * 7.00 * 79 *
8-10P 15-Sep-98 14.5 7.18 800 -37 *
7-10P 15-Sep-98 14.9 7.05 770 291 *
6-10P 15-Sep-98 14.2 7.15 745 182 *
Blank 8-Oct-98 * * * * *
17-15P 8-Oct-98 12.8 6.85 874 312 *
17-10P 8-Oct-98 15.8 7.17 1559 153 *
17-5P 8-Oct-98 16.4 6.94 1050 211 *
16-15P 8-Oct-98 17.0 6.77 1445 158 *
16-10P 8-Oct-98 17.7 6.59 3146 82 *
16-5P 8-Oct-98 18.1 7.05 813 201 *
16-Surf 8-Oct-98 17.4 7.49 641 236 *
16-Surf 8-Oct-98 17.4 7.49 641 236 *
Blank 23-Feb-99 * * * * *
13-10P 23-Feb-99 7.0 6.64 1511 382 *
13-15P 23-Feb-99 7.7 7.00 1241 381 *
13-5P 23-Feb-99 * * * * *
12-5P 23-Feb-99 4.4 6.78 6693 345 *
12-10P 23-Feb-99 9.3 6.81 1082 264 *
12-15P 23-Feb-99 8.7 6.94 1121 298 *
16-5P 23-Feb-99 6.0 6.93 742 314 *
16-10P 23-Feb-99 6.7 6.76 3260 91 *
16-15P 23-Feb-99 6.9 7.16 1560 201 *
11-5P 23-Feb-99 6.7 6.75 1461 294 *
11-10P 23-Feb-99 10.0 6.98 1142 297 *
14-15P 24-Feb-99 11.5 6.84 1137 468 *
14-10P 24-Feb-99 10.4 6.89 1209 373 *
14-5P 24-Feb-99 6.1 6.95 1816 254 *
17-5P 24-Feb-99 * * * * *
17-10P 24-Feb-99 * * * * *
17-15PP 24-Feb-99 * * * * 0.0
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Table F-1. (continued)
Conductivity
(μS/cm)
ORP
(mV)
DO
(mg/L)Well Date T (EC) pH
15-5P 24-Feb-99 6.3 7.08 1261 249 *
15-10P 24-Feb-99 7.9 7.05 908 197 *
15-15P 24-Feb-99 9.3 6.99 976 204 *
Blank 20-Jul-99 * * * * *
17-15P 20-Jul-99 11.5 6.72 1031 264 *
9-10P 20-Jul-99 15.4 6.66 1923 164 *
17-5P 20-Jul-99 20.0 6.52 1367 254 *
16-15P 20-Jul-99 15.9 6.90 1801 167 *
16-10P 20-Jul-99 18.5 6.67 3558 65 *
16-5P 20-Jul-99 22.5 6.54 1426 246 *
10-10P 20-Jul-99 15.5 6.64 1878 151 *
10-10P 20-Jul-99 15.5 6.64 1878 151 *
10-5P 20-Jul-99 19.1 6.61 2111 212 *
15-15P 20-Jul-99 * * * * *
15-10P 20-Jul-99 * * * * *
15-5P 20-Jul-99 * * * * *
14-15P 20-Jul-99 * * * * *
14-10P 20-Jul-99 * * * * *
14-5P 20-Jul-99 * * * * *
11-10P 20-Jul-99 * * * * *
11-5P 20-Jul-99 * * * * *
12-15P 20-Jul-99 * * * * *
12-10P 20-Jul-99 * * * * *
12-5P 20-Jul-99 * * * * *
13-15P 20-Jul-99 * * * * *
13-10P 20-Jul-99 * * * * *
13-5P 20-Jul-99 * * * * *
17-10P 20-Jul-99 18.1 7.15 1545 131 *
9-5P 20-Jul-99 18.7 6.77 2531 90 *
5-10P 20-Jul-99 * * * * *
5-5P 20-Jul-99 * * * * *
18-15P 20-Jul-99 * * * * *
18-15P 20-Jul-99 * * * * *
6-5P 21-Jul-99 19.3 6.85 908 163 *
6-10P 21-Jul-99 15.7 6.87 903 382 *
7-10P 21-Jul-99 15.8 6.98 883 321 *
7-5P 21-Jul-99 17.9 6.76 1157 303 *
8-10P 21-Jul-99 15.1 6.93 898 333 *
8-10P 21-Jul-99 15.1 6.93 898 333 *
8-5P 21-Jul-99 17.4 6.75 1037 284 *
4-15P 21-Jul-99 15.3 6.55 1598 366 *
3-15P 21-Jul-99 14.5 6.70 1351 375 *
2-15P 21-Jul-99 14.2 6.61 1514 384 *
1-15P 21-Jul-99 15.9 6.76 1736 75 *
17-15P 1-Dec-99 10.4 6.72 1336 260 0.3
17-5P 1-Dec-99 9.4 6.71 1150 283 0.2
17-10P 1-Dec-99 8.6 6.97 1800 220 3.9
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Table F-1. (continued).
Conductivity
(μS/cm)
ORP
(mV)
DO
(mg/L)Well Date T (EC) pH
9-5P 1-Dec-99 10.3 6.80 2224 117 0.8
9-10P 1-Dec-99 12.5 6.72 1851 187 1.0
9-10P 1-Dec-99 12.5 6.72 1851 187 1.0
16-5P 1-Dec-99 9.9 6.61 1018 369 0.5
16-15P 1-Dec-99 11.6 7.02 1720 276 4.7
16-10P 1-Dec-99 11.3 6.50 3562 129 0.3
10-10P 1-Dec-99 11.6 6.67 2083 197 0.4
10-5P 1-Dec-99 10.2 6.70 2047 303 0.6
13-15P 2-Dec-99 13.2 6.56 1615 406 0.4
13-10P 2-Dec-99 11.9 6.67 1487 415 1.7
Blank 1-Dec-99 * * * * *
13-5P 2-Dec-99 10.8 6.44 1327 327 0.5
12-5P 2-Dec-99 8.6 6.65 871 370 0.6
12-10P 2-Dec-99 12.5 6.69 1162 346 0.6
12-15P 2-Dec-99 13.4 6.57 1565 314 0.4
12-15P 2-Dec-99 13.4 6.57 1565 314 0.4
14-5P 2-Dec-99 10.4 6.48 2302 305 0.6
14-10P 2-Dec-99 12.4 6.83 1216 338 0.7
14-15P 2-Dec-99 13.5 6.93 1120 342 0.7
15-5P 2-Dec-99 10.1 6.81 1237 234 0.3
Blank 2-Dec-99 * * * * *
5-5P 8-Dec-99 9.3 7.02 1269 * 0.8
5-10P 8-Dec-99 11.4 7.03 1283 * 0.5
15-10P 2-Dec-99 12.0 6.76 1266 234 0.5
15-15P 2-Dec-99 12.5 6.71 1371 299 0.5
15-Srf 2-Dec-99 5.9 8.05 899 297 11.7
11-5P 2-Dec-99 12.1 6.59 1684 317 0.9
11-10P 2-Dec-99 13.0 6.84 1631 284 1.1
6-5P 8-Dec-99 10.2 7.30 989 * 0.7
6-10P 8-Dec-99 10.7 7.41 964 * 0.4
6-10P 8-Dec-99 10.7 7.41 964 * 0.4
8-5P 8-Dec-99 11.1 7.17 1015 * 0.9
8-10P 8-Dec-99 11.0 7.44 924 * 1.5
4-15P 8-Dec-99 14.8 6.82 1398 * 0.6
3-15P 8-Dec-99 14.3 6.96 1283 * 0.7
2-15P 8-Dec-99 13.1 6.87 1422 * 6.8
1-15P 8-Dec-99 12.1 6.98 1619 * *
18-15P 8-Dec-99 12.0 6.99 1791 * 0.5
18-15P 8-Dec-99 12.0 6.99 1791 * 0.5
Note:  * Not measured.
235
Table F-2. Concentrations of Al, As, B, Ba, Be, Ca, Cd, Co, and Cr in filtered ground-water samples collected from
the DePue site. Results in mg/L.
Well Date Al As B Ba Be Ca Cd Co Cr
13-15P 1-Oct-97 <0.082 <0.19 0.150 0.0290 <0.005 316 <0.019 <0.008 <0.025
13-10P 1-Oct-97 <0.082 <0.19 0.215 0.0547 <0.005 301 <0.019 <0.008 <0.025
12-10P 1-Oct-97 <0.082 <0.19 0.256 0.0318 <0.005 206 <0.019 <0.008 <0.025
12-10P 1-Oct-97 <0.082 <0.19 0.237 0.0343 <0.005 215 <0.019 <0.008 <0.025
12-15P 1-Oct-97 <0.082 <0.19 0.198 0.0303 <0.005 269 <0.019 <0.008 <0.025
15-10P 2-Oct-97 <0.082 <0.19 0.184 0.0568 <0.005 216 <0.019 <0.008 <0.025
Blank 2-Oct-97 <0.082 <0.19 0.145 <0.003 <0.005 <0.076 <0.019 <0.008 <0.025
15-15P 2-Oct-97 <0.082 <0.19 0.206 0.0436 <0.005 228 <0.019 <0.008 <0.025
15-15P 2-Oct-97 <0.082 <0.19 0.206 0.0432 <0.005 222 <0.019 <0.008 <0.025
14-15P 2-Oct-97 <0.082 <0.19 0.258 0.0374 <0.005 249 <0.019 <0.008 <0.025
14-10P 2-Oct-97 <0.082 <0.19 0.231 0.0337 <0.005 243 <0.019 <0.008 <0.025
17-15P 3-Oct-97 <0.082 <0.19 0.204 0.0331 <0.005 151 <0.019 <0.008 <0.025
16-15P 3-Oct-97 <0.082 <0.19 0.150 0.0673 <0.005 292 <0.019 0.0158 <0.025
16-15P 15-Oct-97 <0.082 <0.19 0.111 0.0602 <0.005 285 <0.019 0.0197 <0.025
Blank 15-Oct-97 <0.082 <0.19 <0.035 <0.003 <0.005 <0.076 <0.019 <0.008 <0.025
16-10P 15-Oct-97 <0.082 <0.19 0.348 0.130 <0.005 592 <0.019 0.0765 <0.025
16-10P 15-Oct-97 <0.082 <0.19 0.353 0.142 <0.005 607 <0.019 0.0689 <0.025
16-5P 15-Oct-97 <0.082 <0.19 0.224 0.100 <0.005 129 <0.019 <0.008 <0.025
16-Srf 15-Oct-97 <0.082 <0.19 0.164 0.0754 <0.005 71.7 <0.019 <0.008 <0.025
14-15P 16-Oct-97 <0.082 <0.19 0.155 0.0239 <0.005 248 <0.019 <0.008 <0.025
14-10P 16-Oct-97 <0.082 <0.19 0.196 0.0310 <0.005 238 <0.019 <0.008 <0.025
14-5P 16-Oct-97 <0.082 <0.19 0.382 0.0772 <0.005 359 0.0811 <0.008 <0.025
14-Srf 16-Oct-97 <0.082 <0.19 0.198 0.0412 <0.005 62.9 <0.019 <0.008 <0.025
12-15P 16-Oct-97 <0.082 <0.19 0.186 0.0381 <0.005 269 <0.019 <0.008 <0.025
12-10P 16-Oct-97 <0.082 <0.19 0.204 0.0333 <0.005 207 <0.019 <0.008 <0.025
14-15P 16-Oct-97 <0.082 <0.19 0.126 0.0217 <0.005 236 <0.019 <0.008 <0.025
Blank 16-Oct-97 <0.082 <0.19 <0.035 <0.003 <0.005 0.092 <0.019 <0.008 <0.025
12-5P 16-Oct-97 <0.082 <0.19 0.266 0.0912 <0.005 149 <0.019 <0.008 <0.025
12-Srf 16-Oct-97 <0.082 <0.19 0.130 0.0532 <0.005 62.8 <0.019 <0.008 <0.025
Blank 27-Jul-98 0.0465 <0.13 0.134 <0.004 <0.004 <0.10 <0.016 <0.011 <0.009
17-15P 28-Jul-98 0.0584 <0.13 0.110 0.0331 <0.004 130 <0.016 <0.011 <0.009
17-5P 28-Jul-98 <0.042 <0.13 0.263 0.0678 <0.004 143 <0.016 <0.011 <0.009
16-10P 28-Jul-98 0.0457 <0.13 0.301 0.160 <0.004 678 <0.016 0.0656 <0.009
16-5P 28-Jul-98 0.0725 <0.13 0.176 0.213 <0.004 161 <0.016 <0.011 0.009
15-15P 28-Jul-98 0.0349 <0.13 0.104 0.0454 <0.004 182 <0.016 <0.011 <0.009
15-10P 28-Jul-98 0.0538 <0.13 0.110 0.0751 <0.004 199 <0.016 <0.011 <0.009
15-5P 28-Jul-98 0.0560 <0.13 0.405 0.0481 <0.004 257 0.0565 <0.011 <0.009
14-15P 28-Jul-98 0.0559 <0.13 0.119 0.0644 <0.004 208 <0.016 <0.011 0.010
14-10P 28-Jul-98 0.0655 <0.13 0.113 0.0660 <0.004 202 <0.016 <0.011 <0.009
14-5P 29-Jul-98 0.0949 <0.13 0.407 0.0549 <0.004 429 0.0756 <0.011 <0.009
17-10P 29-Jul-98 0.0783 <0.13 <0.04 0.0779 <0.004 271 <0.016 <0.011 <0.009
16-15P 29-Jul-98 0.0815 <0.13 0.0713 0.0334 <0.004 241 <0.016 <0.011 <0.009
13-15P 29-Jul-98 0.0785 <0.13 0.0865 0.0288 <0.004 294 <0.016 <0.011 <0.009
13-10P 29-Jul-98 0.104 <0.13 0.129 0.0375 <0.004 282 <0.016 <0.011 <0.009
Blank 30-Jul-98 <0.042 <0.13 <0.04 <0.004 <0.004 <0.10 <0.016 <0.011 <0.009
12-15P 29-Jul-98 0.0970 <0.13 0.133 0.0264 <0.004 237 <0.016 <0.011 <0.009
12-15P 29-Jul-98 0.0720 <0.13 0.105 0.0286 <0.004 227 <0.016 <0.011 <0.009
12-10P 29-Jul-98 0.0636 <0.13 0.204 0.0773 0.0041 219 <0.016 <0.011 <0.009
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Table F-2. (continued)
Well Date Al As B Ba Be Ca Cd Co Cr
12-5P 29-Jul-98 0.0736 <0.13 0.333 0.105 <0.004 199 <0.016 <0.011 <0.009
1-15P 15-Sep-98 0.1605 <0.13 0.128 0.171 <0.004 285 <0.016 0.0168 <0.009
2-15P 15-Sep-98 <0.042 <0.13 0.185 0.102 <0.004 273 <0.016 <0.011 <0.009
3-15P 15-Sep-98 <0.042 <0.13 0.171 0.0934 <0.004 268 <0.016 <0.011 <0.009
3-15P 15-Sep-98 <0.042 <0.13 0.171 0.0912 <0.004 263 <0.016 <0.011 0.0280
4-15P 15-Sep-98 <0.042 <0.13 0.249 0.166 <0.004 285 <0.016 0.0114 <0.009
8-15P 15-Sep-98 0.1741 <0.13 0.0835 0.117 <0.004 281 <0.016 <0.011 <0.009
5-10P 15-Sep-98 0.0455 <0.13 0.0940 0.0601 <0.004 170 <0.016 <0.011 <0.009
5-5P 15-Sep-98 <0.042 <0.13 0.0897 0.0774 <0.004 200 <0.016 0.0120 <0.009
11-10P 15-Sep-98 <0.042 <0.13 0.111 0.0551 <0.004 244 <0.016 <0.011 <0.009
10-5P 15-Sep-98 <0.042 <0.13 0.128 0.107 <0.004 327 <0.016 <0.011 0.0140
10-10P 15-Sep-98 <0.042 <0.13 0.0788 0.0657 <0.004 295 <0.016 0.0117 <0.009
9-5P 15-Sep-98 <0.042 <0.13 0.0735 0.227 <0.004 355 <0.016 <0.011 <0.009
9-10P 15-Sep-98 <0.042 <0.13 0.0545 0.0758 <0.004 309 <0.016 0.0111 <0.009
8-5P 15-Sep-98 0.0486 <0.13 0.183 0.0548 <0.004 131 <0.016 <0.011 <0.009
8-10P 15-Sep-98 <0.042 <0.13 0.143 0.0548 <0.004 114 <0.016 <0.011 <0.009
7-10P 15-Sep-98 <0.042 <0.13 0.106 0.0599 <0.004 117 <0.016 <0.011 <0.009
6-10P 15-Sep-98 0.0123 <0.13 0.143 0.0495 <0.004 114 <0.016 <0.011 <0.009
Blank 8-Oct-98 <0.042 <0.13 0.0467 <0.004 <0.004 <0.10 <0.016 <0.011 <0.009
17-15P 8-Oct-98 0.0608 <0.13 0.197 0.0361 <0.004 137 <0.016 <0.011 <0.009
17-10P 8-Oct-98 <0.042 <0.13 0.145 0.107 <0.004 292 <0.016 <0.011 <0.009
17-5P 8-Oct-98 <0.042 <0.13 0.387 0.0612 <0.004 175 0.0536 <0.011 <0.009
16-15P 8-Oct-98 <0.042 <0.13 0.181 0.0462 <0.004 259 <0.016 0.0117 <0.009
16-10P 8-Oct-98 <0.042 <0.13 0.365 0.167 <0.004 669 <0.016 0.0551 <0.009
16-5P 8-Oct-98 <0.042 <0.13 0.213 0.113 <0.004 109 <0.016 <0.011 <0.009
16-Surf 8-Oct-98 0.0822 <0.13 0.228 0.0519 <0.004 57.9 <0.016 <0.011 <0.009
16-Surf 8-Oct-98 0.0510 <0.13 0.235 0.0530 <0.004 60.9 <0.016 <0.011 <0.009
Blank 23-Feb-99 <0.042 <0.13 <0.04 <0.004 <0.004 <0.10 <0.016 <0.011 <0.009
13-10P 23-Feb-99 0.0774 <0.13 0.117 0.0385 <0.004 291 <0.016 <0.011 0.0110
13-15P 23-Feb-99 0.0480 <0.13 0.102 0.0409 <0.004 253 <0.016 <0.011 <0.009
13-5P 23-Feb-99 0.0509 <0.13 0.259 0.0495 <0.004 220 <0.016 <0.011 <0.009
12-5P 23-Feb-99 <0.042 <0.13 0.127 0.0490 <0.004 121 <0.016 <0.011 <0.009
12-10P 23-Feb-99 <0.042 <0.13 0.193 0.0709 <0.004 187 <0.016 <0.011 <0.009
12-15P 23-Feb-99 <0.042 <0.13 0.120 0.0328 <0.004 189 <0.016 <0.011 <0.009
16-5P 23-Feb-99 <0.042 <0.13 0.0753 0.0942 <0.004 107 <0.016 <0.011 0.0100
16-10P 23-Feb-99 0.0427 <0.13 0.134 0.198 <0.004 594 <0.016 0.0272 <0.009
16-15P 23-Feb-99 <0.042 <0.13 0.0828 0.0419 <0.004 264 <0.016 <0.011 0.0130
11-5P 23-Feb-99 <0.042 <0.13 0.0755 0.104 <0.004 269 <0.016 <0.011 0.0100
11-10P 23-Feb-99 <0.042 <0.13 0.0828 0.0385 <0.004 180 <0.016 <0.011 <0.009
14-15P 24-Feb-99 <0.042 <0.13 0.121 0.0682 0.0061 204 <0.016 <0.011 0.0180
14-10P 24-Feb-99 <0.042 <0.13 0.128 0.0701 <0.004 218 <0.016 <0.011 <0.009
14-5P 24-Feb-99 <0.042 <0.13 0.198 0.0347 <0.004 313 0.0457 <0.011 0.0120
17-5P 24-Feb-99 <0.042 <0.13 0.169 0.0449 <0.004 171 0.0462 <0.011 <0.009
17-10P 24-Feb-99 <0.042 <0.13 <0.04 0.0496 <0.004 256 <0.016 <0.011 <0.009
17-15P 24-Feb-99 <0.042 <0.13 0.115 0.0362 <0.004 128 <0.016 <0.011 <0.009
15-5P 24-Feb-99 <0.042 <0.13 0.194 0.0456 <0.004 220 0.0286 <0.011 0.0110
15-10P 24-Feb-99 <0.042 <0.13 0.0753 0.0598 <0.004 187 <0.016 <0.011 <0.009
15-15P 24-Feb-99 <0.042 <0.13 0.0932 0.0304 <0.004 116 <0.016 <0.011 0.0100
Blank 20-Jul-99 <0.044 <0.25 <0.028 <0.003 <0.003 <0.23 <0.011 <0.007 <0.005
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Table F-2. (continued)
Well Date Al As B Ba Be Ca Cd Co Cr
17-15P 20-Jul-99 <0.044 <0.25 0.0771 0.0316 <0.003 130 <0.011 <0.007 <0.005
9-10P 20-Jul-99 <0.044 <0.25 <0.028 0.0638 <0.003 272 <0.011 0.0089 <0.005
17-5P 20-Jul-99 <0.044 <0.25 0.439 0.0698 <0.003 216 0.103 <0.007 <0.005
16-15P 20-Jul-99 <0.044 <0.25 0.109 0.0452 <0.003 251 <0.011 <0.007 <0.005
16-10P 20-Jul-99 <0.044 <0.25 0.149 0.217 <0.003 580 <0.011 0.0266 <0.005
16-5P 20-Jul-99 <0.044 <0.25 0.283 0.183 <0.003 196 <0.011 <0.007 <0.005
10-10P 20-Jul-99 <0.044 <0.25 0.121 0.0679 <0.003 291 <0.011 0.0166 <0.005
10-10P 20-Jul-99 <0.044 <0.25 0.121 0.0670 <0.003 296 <0.011 <0.007 <0.005
10-5P 20-Jul-99 <0.044 <0.25 0.159 0.0694 <0.003 333 <0.011 <0.007 <0.005
15-15P 20-Jul-99 <0.044 <0.25 0.188 0.0479 <0.003 211 <0.011 <0.007 <0.005
15-10P 20-Jul-99 <0.044 <0.25 0.0998 0.0651 <0.003 210 <0.011 <0.007 0.0080
15-5P 20-Jul-99 <0.044 <0.25 0.297 0.156 <0.003 423 <0.011 0.0094 <0.005
14-15P 20-Jul-99 <0.044 <0.25 0.167 0.0646 <0.003 216 <0.011 0.0077 <0.005
14-10P 20-Jul-99 <0.044 <0.25 0.157 0.0655 <0.003 212 <0.011 <0.007 <0.005
14-5P 20-Jul-99 <0.044 <0.25 0.115 0.150 <0.003 607 <0.011 0.0138 <0.005
11-10P 20-Jul-99 <0.044 <0.25 0.0980 0.0483 <0.003 235 <0.011 <0.007 <0.005
11-5P 20-Jul-99 <0.044 <0.25 0.140 0.108 <0.003 289 0.0155 <0.007 <0.005
12-15P 20-Jul-99 <0.044 <0.25 0.136 0.0263 <0.003 182 <0.011 <0.007 <0.005
12-10P 20-Jul-99 <0.044 <0.25 0.258 0.0665 <0.003 181 <0.011 <0.007 <0.005
12-5P 20-Jul-99 <0.044 <0.25 0.339 0.101 <0.003 191 <0.011 0.0099 <0.005
13-15P 20-Jul-99 <0.044 <0.25 0.173 0.0340 <0.003 278 <0.011 <0.007 0.0080
13-10P 20-Jul-99 <0.044 <0.25 0.160 0.0392 <0.003 247 <0.011 <0.007 0.0050
13-5P 20-Jul-99 <0.044 <0.25 0.450 0.0483 <0.003 218 <0.011 <0.007 <0.005
17-10P 20-Jul-99 <0.044 <0.25 0.0756 0.0632 <0.003 252 <0.011 <0.007 <0.005
9-5P 20-Jul-99 <0.044 <0.25 0.108 0.125 <0.003 331 <0.011 0.0083 <0.005
5-10P 20-Jul-99 <0.044 <0.25 0.133 0.0513 <0.003 135 <0.011 0.0088 0.0060
5-5P 20-Jul-99 <0.044 <0.25 0.240 0.0684 <0.003 194 <0.011 <0.007 0.0070
18-15P 20-Jul-99 <0.044 <0.25 0.109 0.113 <0.003 287 <0.011 0.0076 <0.005
18-15P 20-Jul-99 <0.044 <0.25 0.115 0.113 <0.003 288 <0.011 <0.007 <0.005
6-5P 21-Jul-99 <0.044 <0.25 0.262 0.0624 <0.003 120 <0.011 <0.007 <0.005
6-10P 21-Jul-99 <0.044 <0.25 0.232 0.0548 <0.003 124 <0.011 <0.007 <0.005
7-10P 21-Jul-99 <0.044 <0.25 0.161 0.0473 <0.003 118 <0.011 <0.007 <0.005
7-5P 21-Jul-99 <0.044 <0.25 0.240 0.0785 <0.003 161 <0.011 <0.007 <0.005
8-10P 21-Jul-99 <0.044 <0.25 0.222 0.0558 <0.003 119 <0.011 <0.007 <0.005
8-10P 21-Jul-99 <0.044 <0.25 0.202 0.0568 <0.003 118 <0.011 0.0082 <0.005
8-5P 21-Jul-99 <0.044 <0.25 0.256 0.0624 <0.003 132 <0.011 <0.007 <0.005
4-15P 21-Jul-99 <0.044 <0.25 0.319 0.0948 <0.003 284 <0.011 <0.007 0.0100
3-15P 21-Jul-99 <0.044 <0.25 0.207 0.0805 <0.003 220 0.0156 <0.007 0.0050
2-15P 21-Jul-99 <0.044 <0.25 0.274 0.0859 <0.003 269 0.0172 <0.007 <0.005
1-15P 21-Jul-99 <0.044 <0.25 0.233 0.109 <0.003 299 <0.011 <0.007 <0.005
17-15P 1-Dec-99 <0.044 <0.25 0.294 0.0516 <0.003 172 <0.011 <0.007 0.0050
17-5P 1-Dec-99 <0.044 <0.25 0.336 0.0482 <0.003 150 0.0203 <0.007 0.0050
17-10P 1-Dec-99 <0.044 <0.25 0.217 0.0643 <0.003 249 0.0146 <0.007 0.0090
9-5P 1-Dec-99 <0.044 <0.25 0.196 0.131 <0.003 379 <0.011 <0.007 <0.005
9-10P 1-Dec-99 <0.044 <0.25 0.217 0.0566 <0.003 261 <0.011 0.0109 0.0060
9-10P 1-Dec-99 <0.044 <0.25 0.194 0.0569 <0.003 267 <0.011 <0.007 <0.005
16-5P 1-Dec-99 <0.044 <0.25 0.238 0.101 <0.003 117 <0.011 <0.007 <0.005
16-15P 1-Dec-99 <0.044 <0.25 0.200 0.0401 <0.003 241 <0.011 0.0176 0.0060
16-10P 1-Dec-99 <0.044 <0.25 0.361 0.118 <0.003 593 <0.011 0.0624 <0.005
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Table F-2. (concluded)
Well Date Al As B Ba Be Ca Cd Co Cr
10-10P 1-Dec-99 0.0452 <0.25 0.203 0.0691 <0.003 319 <0.011 0.0253 <0.005
10-5P 1-Dec-99 <0.044 <0.25 0.108 0.0708 <0.003 307 <0.011 <0.007 0.0110
13-15P 2-Dec-99 <0.044 <0.25 0.114 0.0301 <0.003 267 0.0145 <0.007 0.0070
13-10P 2-Dec-99 <0.044 <0.25 0.180 0.0390 <0.003 231 <0.011 <0.007 0.0090
Blank 1-Dec-99 <0.044 <0.25 <0.028 0.0039 <0.003 <0.23 <0.011 0.0074 <0.005
13-5P 2-Dec-99 <0.044 <0.25 0.458 0.0652 <0.003 206 <0.011 <0.007 <0.005
12-5P 2-Dec-99 <0.044 <0.25 0.326 0.0736 <0.003 105 0.0271 0.0099 0.0150
12-10P 2-Dec-99 <0.044 <0.25 0.359 0.0663 <0.003 145 0.0109 <0.007 <0.005
12-15P 2-Dec-99 <0.044 <0.25 0.302 0.0351 <0.003 222 <0.011 0.0099 0.0130
12-15P 2-Dec-99 <0.044 <0.25 0.357 0.0385 <0.003 235 <0.011 <0.007 0.0090
14-5P 2-Dec-99 0.0480 <0.25 0.304 0.0251 <0.003 402 0.0848 <0.007 0.0140
14-10P 2-Dec-99 <0.044 <0.25 0.423 0.0619 <0.003 148 0.0199 <0.007 0.0100
14-15P 2-Dec-99 <0.044 <0.25 0.315 0.0486 <0.003 137 <0.011 0.0100 0.0060
15-5P 2-Dec-99 0.0508 <0.25 0.218 0.0432 <0.003 184 0.0330 0.0139 0.0120
Blank 2-Dec-99 <0.044 <0.25 0.139 0.0033 <0.003 <0.23 <0.011 <0.007 <0.005
5-5P 8-Dec-99 <0.044 <0.25 0.218 0.0497 <0.003 198 <0.011 <0.007 <0.005
5-10P 8-Dec-99 <0.044 <0.25 0.327 0.0568 <0.003 173 <0.011 <0.007 0.0090
15-10P 2-Dec-99 <0.044 <0.25 0.255 0.0453 <0.003 184 <0.011 <0.007 <0.005
15-15P 2-Dec-99 <0.044 <0.25 0.174 0.0590 <0.003 188 <0.011 <0.007 <0.005
15-Srf 2-Dec-99 <0.044 <0.25 0.401 0.0437 <0.003 69.5 <0.011 <0.007 <0.005
11-5P 2-Dec-99 0.0484 <0.25 0.306 0.0732 <0.003 224 <0.011 <0.007 <0.005
11-10P 2-Dec-99 0.0597 <0.25 0.269 0.0421 <0.003 227 <0.011 <0.007 0.0110
6-5P 8-Dec-99 <0.044 <0.25 0.310 0.0622 <0.003 129 <0.011 <0.007 <0.005
6-10P 8-Dec-99 <0.044 <0.25 0.286 0.0485 <0.003 122 <0.011 <0.007 <0.005
6-10P 8-Dec-99 <0.044 <0.25 0.0654 0.0496 <0.003 123 <0.011 <0.007 0.0090
8-5P 8-Dec-99 <0.044 <0.25 0.0894 0.0525 <0.003 133 <0.011 <0.007 0.0080
8-10P 8-Dec-99 <0.044 <0.25 0.148 0.0508 <0.003 112 <0.011 0.0074 <0.005
4-15P 8-Dec-99 <0.044 <0.25 0.188 0.0787 <0.003 220 <0.011 0.0074 0.0100
3-15P 8-Dec-99 <0.044 <0.25 0.145 0.0890 0.0064 254 <0.011 <0.007 0.0100
2-15P 8-Dec-99 <0.044 <0.25 0.196 0.0875 0.0068 293 <0.011 0.0077 0.0060
1-15P 8-Dec-99 <0.044 <0.25 0.120 0.174 0.0064 333 <0.011 0.0156 <0.005
18-15P 8-Dec-99 <0.044 <0.25 0.0447 0.127 0.0071 347 <0.011 0.0251 0.0080
18-15P 8-Dec-99 <0.044 <0.25 0.0692 0.124 0.0064 331 <0.011 0.0125 0.0080
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Table F-3. Concentrations of Cu, Fe, K, Li, Mg, Mn, Mo, Na, and Ni in filtered ground-water samples collected
from the DePue site. Results in mg/L.
Well Date Cu Fe K Li Mg Mn Mo Na Ni
13-15P 1-Oct-97 <0.010 0.0277 <3.79 <0.034 81.4 1.53 <0.041 24.5 <0.039
13-10P 1-Oct-97 <0.010 0.0352 <3.79 <0.034 75.4 1.00 <0.041 23.3 <0.039
12-10P 1-Oct-97 <0.010 0.204 <3.79 <0.034 63.9 3.93 <0.041 21.4 <0.039
12-10P 1-Oct-97 <0.010 0.214 <3.79 <0.034 66.8 4.10 <0.041 22.6 <0.039
12-15P 1-Oct-97 <0.010 0.355 <3.79 <0.034 89.0 2.61 <0.041 25.8 <0.039
15-10P 2-Oct-97 <0.010 0.685 3.90 <0.034 65.7 6.11 <0.041 23.5 <0.039
Blank 2-Oct-97 <0.010 <0.007 <3.79 <0.034 <0.060 <0.002 <0.041 <0.54 <0.039
15-15P 2-Oct-97 <0.010 0.0150 <3.79 <0.034 70.0 5.37 <0.041 32.7 0.0457
15-15P 2-Oct-97 <0.010 0.0736 <3.79 <0.034 68.1 5.28 <0.041 36.6 <0.039
14-15P 2-Oct-97 <0.010 0.103 <3.79 <0.034 77.8 2.18 <0.041 25.6 <0.039
14-10P 2-Oct-97 <0.010 0.0154 <3.79 <0.034 73.8 3.41 <0.041 25.7 <0.039
17-15P 3-Oct-97 <0.010 0.0626 <3.79 <0.034 49.5 4.97 <0.041 31.3 <0.039
16-15P 3-Oct-97 <0.010 3.44 <3.79 <0.034 107 4.84 <0.041 28.6 <0.039
16-15P 15-Oct-97 <0.010 2.06 <3.79 <0.034 103 4.97 <0.041 26.5 <0.039
Blank 15-Oct-97 <0.010 0.0537 4.11 <0.034 <0.060 <0.002 <0.041 <0.54 <0.039
16-10P 15-Oct-97 <0.010 72.4 7.26 <0.034 211 17.6 <0.041 69.5 0.113
16-10P 15-Oct-97 <0.010 65.2 6.27 <0.034 218 17.2 <0.041 67.1 0.0445
16-5P 15-Oct-97 <0.010 0.0417 <3.79 <0.034 23.9 0.092 <0.041 64.8 0.0528
16-Srf 15-Oct-97 0.0128 0.0599 18.2 <0.034 26.5 0.090 <0.041 54.0 <0.039
14-15P 16-Oct-97 <0.010 0.0967 <3.79 <0.034 78.2 2.15 <0.041 25.8 <0.039
14-10P 16-Oct-97 <0.010 0.0439 <3.79 <0.034 73.4 3.39 <0.041 25.8 <0.039
14-5P 16-Oct-97 0.0102 0.0210 <3.79 <0.034 76.0 0.532 <0.041 99.7 <0.039
14-Srf 16-Oct-97 <0.010 0.0160 9.05 <0.034 24.0 0.020 <0.041 55.8 0.0435
12-15P 16-Oct-97 <0.010 0.184 <3.79 <0.034 90.4 2.87 <0.041 26.3 0.0414
12-10P 16-Oct-97 <0.010 0.200 <3.79 <0.034 63.9 3.93 <0.041 22.2 <0.039
14-15P 16-Oct-97 <0.010 0.0947 <3.79 <0.034 72.9 2.05 <0.041 23.8 <0.039
Blank 16-Oct-97 <0.010 <0.007 <3.79 <0.034 <0.060 <0.002 <0.041 <0.54 <0.039
12-5P 16-Oct-97 0.0175 0.0088 6.09 <0.034 31.4 0.025 <0.041 37.1 <0.039
12-Srf 16-Oct-97 <0.010 0.0237 16.9 <0.034 22.7 0.038 <0.041 50.6 <0.039
Blank 27-Jul-98 <0.005 0.0103 <4.69 <0.012 0.119 <0.003 <0.023 0.012 <0.024
17-15P 28-Jul-98 <0.005 0.124 <4.69 <0.012 42.5 4.61 <0.023 33.2 <0.024
17-5P 28-Jul-98 <0.005 0.185 5.20 0.0128 29.0 0.85 0.0231 81.4 <0.024
16-10P 28-Jul-98 <0.005 101 6.23 0.0195 231 17.86 <0.023 83.8 0.0547
16-5P 28-Jul-98 <0.005 0.637 8.25 0.0268 30.3 1.71 0.0463 57.3 <0.024
15-15P 28-Jul-98 0.0060 0.219 <4.69 0.0302 57.7 4.62 <0.023 32.3 <0.024
15-10P 28-Jul-98 <0.005 2.39 <4.69 0.0243 63.4 6.28 <0.023 29.3 <0.024
15-5P 28-Jul-98 0.0139 <0.009 <4.69 0.0321 50.2 1.39 <0.023 92.8 0.0323
14-15P 28-Jul-98 <0.005 0.0691 <4.69 0.0338 67.8 1.37 <0.023 24.7 <0.024
14-10P 28-Jul-98 <0.005 0.220 <4.69 0.0386 64.0 3.13 <0.023 22.6 <0.024
14-5P 29-Jul-98 0.0203 0.289 10.3 <0.012 90.7 4.88 <0.023 37.7 0.0409
17-10P 29-Jul-98 <0.005 21.6 7.38 <0.012 91.7 6.39 <0.023 33.2 <0.024
16-15P 29-Jul-98 <0.005 4.75 7.45 <0.012 93.6 4.51 <0.023 28.5 0.0334
13-15P 29-Jul-98 <0.005 0.0477 8.55 <0.012 76.3 1.59 <0.023 22.1 <0.024
13-10P 29-Jul-98 <0.005 <0.009 11.6 0.0161 70.0 0.948 <0.023 23.1 <0.024
Blank 30-Jul-98 <0.005 0.0021 <4.69 <0.012 <0.06 <0.003 <0.023 <0.10 <0.024
12-15P 29-Jul-98 <0.005 0.0562 16.3 0.0216 78.5 1.83 <0.023 23.1 <0.024
12-15P 29-Jul-98 <0.005 0.0323 18.6 0.0249 74.3 1.75 <0.023 22.8 <0.024
12-10P 29-Jul-98 <0.005 0.392 <4.69 0.0296 64.5 4.17 <0.023 23.8 <0.024
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Table F-3. (continued)
Well Date Cu Fe K Li Mg Mn Mo Na Ni
12-5P 29-Jul-98 <0.005 0.263 6.97 <0.012 44.1 1.93 <0.023 32.2 <0.024
1-15P 15-Sep-98 <0.005 37.5 <4.69 <0.012 48.1 6.68 <0.023 19.0 <0.024
2-15P 15-Sep-98 <0.005 0.0441 <4.69 0.0170 53.8 5.13 <0.023 19.9 <0.024
3-15P 15-Sep-98 <0.005 <0.009 <4.69 0.0193 51.3 3.37 <0.023 21.3 <0.024
3-15P 15-Sep-98 <0.005 0.0791 <4.69 0.0206 50.0 3.29 <0.023 22.0 <0.024
4-15P 15-Sep-98 0.0088 0.0239 <4.69 0.0252 51.4 6.64 <0.023 32.5 <0.024
8-15P 15-Sep-98 0.0076 6.37 <4.69 0.0141 72.6 7.75 <0.023 24.4 <0.024
5-10P 15-Sep-98 <0.005 3.24 <4.69 <0.012 49.6 4.49 <0.023 29.6 <0.024
5-5P 15-Sep-98 <0.005 0.498 <4.69 <0.012 55.8 5.78 <0.023 29.4 <0.024
11-10P 15-Sep-98 0.0142 0.099 <4.69 <0.012 73.3 2.49 <0.023 36.3 <0.024
10-5P 15-Sep-98 0.0091 0.551 <4.69 <0.012 104 5.22 <0.023 31.2 <0.024
10-10P 15-Sep-98 0.0071 5.59 <4.69 <0.012 102 5.44 <0.023 28.0 <0.024
9-5P 15-Sep-98 0.0212 8.62 <4.69 <0.012 129 6.80 <0.023 36.3 0.0382
9-10P 15-Sep-98 <0.005 10.4 <4.69 <0.012 125 3.93 <0.023 35.4 <0.024
8-5P 15-Sep-98 0.0071 0.518 <4.69 <0.012 36.4 2.32 <0.023 38.5 <0.024
8-10P 15-Sep-98 0.0067 0.912 <4.69 <0.012 32.5 1.99 <0.023 50.2 <0.024
7-10P 15-Sep-98 <0.005 0.0365 <4.69 <0.012 25.8 1.21 <0.023 42.7 <0.024
6-10P 15-Sep-98 <0.005 0.0328 <4.69 <0.012 22.0 1.42 <0.023 46.9 <0.024
Blank 8-Oct-98 <0.005 <0.009 5.38 <0.012 <0.06 <0.003 <0.023 0.275 <0.024
17-15P 8-Oct-98 0.0119 0.120 <4.69 0.0303 41.1 4.82 <0.023 36.5 <0.024
17-10P 8-Oct-98 0.0050 28.1 <4.69 <0.012 95.0 7.36 <0.023 38.3 <0.024
17-5P 8-Oct-98 0.0374 <0.009 <4.69 <0.012 33.7 0.0169 <0.023 56.5 <0.024
16-15P 8-Oct-98 0.0188 1.68 <4.69 <0.012 98.8 5.14 <0.023 28.0 <0.024
16-10P 8-Oct-98 0.0084 102 <4.69 <0.012 239 16.86 <0.023 58.7 <0.024
16-5P 8-Oct-98 0.0497 0.0519 <4.69 <0.012 19.9 0.0588 <0.023 80.8 <0.024
16-Surf 8-Oct-98 0.0296 <0.009 33.4 <0.012 23.3 0.0266 0.02 49.6 <0.024
16-Surf 8-Oct-98 0.0069 <0.009 32.7 <0.012 24.7 0.0211 <0.023 52.2 <0.024
Blank 23-Feb-99 <0.005 0.0111 <4.69 <0.012 <0.06 <0.003 <0.023 <0.10 <0.024
13-10P 23-Feb-99 <0.005 <0.009 <4.69 0.0165 71.6 1.17 <0.023 28.8 <0.024
13-15P 23-Feb-99 <0.005 <0.009 <4.69 0.0165 65.6 0.550 <0.023 33.3 <0.024
13-5P 23-Feb-99 <0.005 0.0641 <4.69 <0.012 54.6 0.208 <0.023 49.1 <0.024
12-5P 23-Feb-99 0.0080 0.0639 <4.69 <0.012 26.2 0.332 <0.023 42.4 <0.024
12-10P 23-Feb-99 <0.005 0.520 <4.69 <0.012 58.2 4.14 <0.023 26.5 <0.024
12-15P 23-Feb-99 <0.005 <0.009 <4.69 0.0126 63.7 0.0579 <0.023 28.6 <0.024
16-5P 23-Feb-99 <0.005 0.0166 <4.69 <0.012 22.0 0.826 0.02 62.7 <0.024
16-10P 23-Feb-99 <0.005 86.3 <4.69 <0.012 215 12.1 <0.023 57.2 0.0421
16-15P 23-Feb-99 0.0078 <0.009 <4.69 <0.012 104 3.64 <0.023 37.7 0.0320
11-5P 23-Feb-99 0.0078 <0.009 <4.69 <0.012 84.4 3.29 <0.023 43.8 0.0272
11-10P 23-Feb-99 <0.005 <0.009 6.10 <0.012 58.2 0.647 <0.023 41.4 <0.024
14-15P 24-Feb-99 0.0083 <0.009 5.82 <0.012 65.0 1.59 <0.023 26.2 <0.024
14-10P 24-Feb-99 <0.005 0.0599 4.83 <0.012 68.5 3.40 <0.023 28.0 <0.024
14-5P 24-Feb-99 0.0115 0.986 9.98 <0.012 77.6 2.61 <0.023 43.5 0.0474
17-5P 24-Feb-99 0.0100 <0.009 <4.69 <0.012 38.6 0.568 <0.023 45.1 <0.024
17-10P 24-Feb-99 <0.005 8.51 <4.69 <0.012 92.9 6.53 <0.023 39.0 <0.024
17-15P 24-Feb-99 <0.005 0.0186 <4.69 <0.012 45.3 3.69 <0.023 40.4 0.0299
15-5P 24-Feb-99 0.0115 0.0690 <4.69 <0.012 50.0 0.967 <0.023 53.3 <0.024
15-10P 24-Feb-99 <0.005 2.81 <4.69 <0.012 61.5 6.50 <0.023 28.4 <0.024
15-15P 24-Feb-99 <0.005 0.162 8.38 <0.012 38.7 3.11 <0.023 36.2 <0.024
Blank 20-Jul-99 <0.009 <0.009 <3.39 <0.028 <0.11 <0.003 <0.025 <0.18 <0.024
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Table F-3. (continued)
Well Date Cu Fe K Li Mg Mn Mo Na Ni
17-15P 20-Jul-99 <0.009 0.0881 <3.39 <0.028 42.8 3.51 <0.025 40.4 <0.024
9-10P 20-Jul-99 <0.009 6.63 <3.39 <0.028 110 3.55 <0.025 32.0 <0.024
17-5P 20-Jul-99 <0.009 0.106 <3.39 <0.028 44.2 0.793 <0.025 40.3 <0.024
16-15P 20-Jul-99 0.0121 0.822 <3.39 <0.028 100 5.19 <0.025 42.1 <0.024
16-10P 20-Jul-99 0.0351 73.4 <3.39 <0.028 229 11.9 <0.025 61.4 0.0279
16-5P 20-Jul-99 0.0170 0.333 <3.39 <0.028 39.9 3.08 <0.025 60.6 <0.024
10-10P 20-Jul-99 <0.009 5.78 <3.39 <0.028 103 5.48 <0.025 29.5 <0.024
10-10P 20-Jul-99 <0.009 5.95 <3.39 <0.028 104 5.53 <0.025 29.8 <0.024
10-5P 20-Jul-99 <0.009 3.88 <3.39 <0.028 108 6.43 <0.025 44.7 <0.024
15-15P 20-Jul-99 <0.009 0.859 <3.39 <0.028 64.6 5.39 <0.025 34.6 <0.024
15-10P 20-Jul-99 <0.009 3.13 <3.39 <0.028 64.8 7.86 <0.025 32.7 <0.024
15-5P 20-Jul-99 <0.009 5.85 <3.39 <0.028 110 8.37 <0.025 41.7 <0.024
14-15P 20-Jul-99 0.0122 0.108 <3.39 <0.028 67.3 1.68 <0.025 30.8 <0.024
14-10P 20-Jul-99 0.0287 0.546 <3.39 <0.028 65.2 3.85 <0.025 33.1 <0.024
14-5P 20-Jul-99 <0.009 34.2 <3.39 <0.028 166 13.9 <0.025 37.4 <0.024
11-10P 20-Jul-99 0.0500 0.0096 <3.39 <0.028 71.9 2.17 <0.025 33.5 <0.024
11-5P 20-Jul-99 0.0319 0.240 <3.39 <0.028 86.0 5.87 <0.025 32.7 <0.024
12-15P 20-Jul-99 <0.009 0.0188 <3.39 <0.028 68.4 0.733 <0.025 40.2 <0.024
12-10P 20-Jul-99 0.0127 0.660 <3.39 <0.028 56.7 4.32 <0.025 28.6 <0.024
12-5P 20-Jul-99 <0.009 1.58 <3.39 <0.028 47.1 3.34 <0.025 33.1 <0.024
13-15P 20-Jul-99 <0.009 0.0170 <3.39 <0.028 72.3 0.972 <0.025 27.6 <0.024
13-10P 20-Jul-99 <0.009 <0.009 <3.39 <0.028 64.6 1.67 <0.025 29.6 <0.024
13-5P 20-Jul-99 <0.009 0.642 <3.39 <0.028 53.9 0.711 <0.025 38.8 <0.024
17-10P 20-Jul-99 0.0277 19.7 <3.39 <0.028 86.6 6.49 <0.025 38.7 <0.024
9-5P 20-Jul-99 <0.009 25.9 <3.39 <0.028 122 5.00 <0.025 43.7 <0.024
5-10P 20-Jul-99 0.0152 1.29 <3.39 0.0343 40.9 3.06 <0.025 34.7 <0.024
5-5P 20-Jul-99 0.0152 0.0941 <3.39 <0.028 51.1 1.84 <0.025 56.7 <0.024
18-15P 20-Jul-99 <0.009 8.06 <3.39 <0.028 73.7 8.21 <0.025 23.4 <0.024
18-15P 20-Jul-99 <0.009 8.24 <3.39 0.0291 74.1 8.20 <0.025 21.7 <0.024
6-5P 21-Jul-99 0.0488 0.254 <3.39 0.0375 23.8 0.326 <0.025 48.5 <0.024
6-10P 21-Jul-99 0.0215 <0.009 <3.39 0.0291 24.3 1.51 <0.025 51.1 <0.024
7-10P 21-Jul-99 <0.009 0.0255 <3.39 0.0330 25.9 0.902 <0.025 47.4 <0.024
7-5P 21-Jul-99 <0.009 0.107 <3.39 0.0304 33.5 0.686 <0.025 52.3 <0.024
8-10P 21-Jul-99 <0.009 0.0847 <3.39 0.0330 33.3 0.303 <0.025 42.5 <0.024
8-10P 21-Jul-99 <0.009 0.0581 <3.39 0.0317 33.1 0.593 <0.025 42.7 <0.024
8-5P 21-Jul-99 <0.009 0.0270 <3.39 <0.028 35.3 0.372 <0.025 49.1 <0.024
4-15P 21-Jul-99 <0.009 0.0631 <3.39 <0.028 51.1 5.59 <0.025 37.1 <0.024
3-15P 21-Jul-99 0.0248 <0.009 <3.39 <0.028 42.5 2.63 <0.025 17.7 <0.024
2-15P 21-Jul-99 0.0209 <0.009 <3.39 <0.028 52.5 3.35 <0.025 18.8 <0.024
1-15P 21-Jul-99 0.0695 25.2 <3.39 <0.028 51.3 6.60 <0.025 20.9 0.0370
17-15P 1-Dec-99 <0.009 0.191 <3.39 <0.028 55.8 6.33 <0.025 48.7 <0.024
17-5P 1-Dec-99 <0.009 0.0568 <3.39 <0.028 33.8 0.351 <0.025 49.3 0.0398
17-10P 1-Dec-99 <0.009 1.97 <3.39 <0.028 86.9 5.69 <0.025 63.1 <0.024
9-5P 1-Dec-99 <0.009 44.6 <3.39 <0.028 139 6.93 <0.025 38.9 0.0361
9-10P 1-Dec-99 <0.009 7.26 <3.39 <0.028 107 3.12 <0.025 30.9 0.0398
9-10P 1-Dec-99 <0.009 7.53 <3.39 <0.028 107 3.18 <0.025 31.6 <0.024
16-5P 1-Dec-99 0.0098 0.0176 <3.39 <0.028 24.0 0.107 <0.025 66.6 <0.024
16-15P 1-Dec-99 <0.009 1.02 <3.39 <0.028 95.2 4.64 <0.025 34.7 <0.024
16-10P 1-Dec-99 <0.009 85.7 6.19 <0.028 186 16.7 <0.025 77.1 0.0599
242
Table F-3. (concluded)
Well Date Cu Fe K Li Mg Mn Mo Na Ni
10-10P 1-Dec-99 <0.009 7.07 <3.39 <0.028 110 5.85 <0.025 26.4 <0.024
10-5P 1-Dec-99 <0.009 0.0383 <3.39 <0.028 96.6 2.36 <0.025 36.9 0.0490
13-15P 2-Dec-99 <0.009 0.0202 <3.39 <0.028 68.2 1.65 <0.025 22.1 <0.024
13-10P 2-Dec-99 <0.009 0.0107 <3.39 <0.028 57.9 1.44 <0.025 24.1 <0.024
Blank 1-Dec-99 <0.009 <0.009 <3.39 <0.028 <0.11 <0.003 <0.025 <0.18 <0.024
13-5P 2-Dec-99 <0.009 0.0577 <3.39 <0.028 47.4 0.194 <0.025 40.6 0.0327
12-5P 2-Dec-99 0.0092 0.0225 <3.39 <0.028 22.1 0.0525 <0.025 46.4 <0.024
12-10P 2-Dec-99 <0.009 0.0386 6.19 <0.028 45.4 1.92 <0.025 42.3 <0.024
12-15P 2-Dec-99 <0.009 0.182 4.15 <0.028 72.5 1.59 <0.025 23.5 0.0472
12-15P 2-Dec-99 <0.009 0.189 <3.39 <0.028 76.9 1.68 <0.025 24.4 <0.024
14-5P 2-Dec-99 <0.009 0.289 <3.39 <0.028 82.0 1.14 <0.025 55.3 0.0436
14-10P 2-Dec-99 <0.009 <0.009 <3.39 <0.028 48.2 0.838 <0.025 57.6 <0.024
14-15P 2-Dec-99 <0.009 0.0130 3.73 <0.028 44.0 0.809 <0.025 55.0 <0.024
15-5P 2-Dec-99 0.0088 0.0243 3.86 <0.028 35.6 0.323 <0.025 45.9 <0.024
Blank 2-Dec-99 <0.009 <0.009 3.67 <0.028 <0.11 <0.003 <0.025 <0.18 <0.024
5-5P 8-Dec-99 <0.009 0.0163 <3.39 <0.028 51.7 0.187 <0.025 28.9 <0.024
5-10P 8-Dec-99 <0.009 4.02 <3.39 <0.028 49.6 4.47 <0.025 33.0 <0.024
15-10P 2-Dec-99 0.0094 0.715 4.36 <0.028 38.6 1.59 <0.025 41.9 <0.024
15-15P 2-Dec-99 <0.009 <0.009 6.63 <0.028 55.9 3.87 <0.025 28.8 <0.024
15-Srf 2-Dec-99 <0.009 0.0157 15.6 <0.028 27.3 0.0367 <0.025 66.2 <0.024
11-5P 2-Dec-99 <0.009 0.296 <3.39 <0.028 65.2 1.31 <0.025 36.7 0.0284
11-10P 2-Dec-99 <0.009 0.264 4.68 <0.028 66.6 7.05 <0.025 25.4 <0.024
6-5P 8-Dec-99 <0.009 <0.009 <3.39 <0.028 26.0 0.0315 <0.025 44.5 <0.024
6-10P 8-Dec-99 <0.009 <0.009 <3.39 <0.028 24.1 1.09 <0.025 45.3 <0.024
6-10P 8-Dec-99 <0.009 0.0137 <3.39 <0.028 24.2 1.18 <0.025 45.0 <0.024
8-5P 8-Dec-99 <0.009 <0.009 <3.39 <0.028 35.6 0.0677 <0.025 38.6 <0.024
8-10P 8-Dec-99 <0.009 0.0243 <3.39 <0.028 31.0 0.978 <0.025 34.6 <0.024
4-15P 8-Dec-99 <0.009 0.0111 3.55 0.0309 39.2 4.00 <0.025 29.5 <0.024
3-15P 8-Dec-99 <0.009 <0.009 <3.39 0.0805 48.4 2.34 <0.025 17.6 <0.024
2-15P 8-Dec-99 <0.009 <0.009 <3.39 0.0777 56.9 2.52 <0.025 17.9 <0.024
1-15P 8-Dec-99 <0.009 37.7 <3.39 0.0707 57.1 6.39 <0.025 18.3 0.0240
18-15P 8-Dec-99 <0.009 8.45 <3.39 0.0707 89.1 9.61 <0.025 25.1 <0.024
18-15P 8-Dec-99 <0.009 8.63 3.77 0.0766 84.7 9.12 <0.025 23.8 <0.024
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Table F-4. Concentrations of P, S, Sb, Si, Sn, Sr, Ti, V, and Zn in filtered ground-water samples collected from the
DePue site. Results in mg/L.
Well Date P S Sb Si Sn Sr Ti V Zn
13-15P 1-Oct-97 <0.25 178 <0.29 7.37 <0.091 0.392 <0.008 <0.017 <0.011
13-10P 1-Oct-97 <0.25 164 <0.29 7.87 <0.091 0.396 <0.008 <0.017 <0.011
12-10P 1-Oct-97 <0.25 101 <0.29 8.13 <0.091 0.318 <0.008 <0.017 <0.011
12-10P 1-Oct-97 <0.25 106 0.29 8.33 <0.091 0.335 <0.008 <0.017 0.0124
12-15P 1-Oct-97 <0.25 185 <0.29 8.12 <0.091 0.374 <0.008 <0.017 <0.011
15-10P 2-Oct-97 <0.25 131 <0.29 8.96 <0.091 0.295 <0.008 <0.017 0.268
Blank 2-Oct-97 <0.25 <0.27 <0.29 <0.043 <0.091 <0.007 <0.008 <0.017 <0.011
15-15P 2-Oct-97 <0.25 156 <0.29 7.70 <0.091 0.320 <0.008 <0.017 0.0229
15-15P 2-Oct-97 <0.25 152 <0.29 7.44 <0.091 0.313 <0.008 <0.017 0.0260
14-15P 2-Oct-97 <0.25 170 <0.29 7.08 <0.091 0.295 <0.008 <0.017 <0.011
14-10P 2-Oct-97 <0.25 158 <0.29 7.23 <0.091 0.295 <0.008 <0.017 0.0795
17-15P 3-Oct-97 <0.25 71.2 <0.29 7.37 <0.091 0.233 <0.008 <0.017 <0.011
16-15P 3-Oct-97 <0.25 201 <0.29 8.97 <0.091 0.525 <0.008 <0.017 0.731
16-15P 15-Oct-97 <0.25 170 <0.29 9.10 <0.091 0.479 <0.008 <0.017 0.809
Blank 15-Oct-97 <0.25 <0.27 <0.29 <0.043 <0.091 <0.007 <0.008 <0.017 <0.011
16-10P 15-Oct-97 0.81 559 <0.29 14.1 <0.091 1.37 <0.008 <0.017 7.29
16-10P 15-Oct-97 0.644 560 <0.29 14.3 <0.091 1.45 <0.008 <0.017 7.05
16-5P 15-Oct-97 <0.25 54.4 <0.29 7.09 <0.091 0.289 <0.008 <0.017 0.337
16-Srf 15-Oct-97 1.08 29.1 <0.29 4.56 <0.091 0.229 <0.008 <0.017 0.095
14-15P 16-Oct-97 <0.25 157 <0.29 6.82 <0.091 0.292 <0.008 <0.017 <0.011
14-10P 16-Oct-97 <0.25 144 <0.29 6.96 <0.091 0.288 <0.008 <0.017 0.0423
14-5P 16-Oct-97 <0.25 319 <0.29 9.55 <0.091 0.678 <0.008 <0.017 3.64
14-Srf 16-Oct-97 0.472 28.3 <0.29 1.44 <0.091 0.238 <0.008 <0.017 0.0697
12-15P 16-Oct-97 <0.25 175 <0.29 7.41 <0.091 0.381 <0.008 <0.017 <0.011
12-10P 16-Oct-97 <0.25 98.0 0.310 8.04 <0.091 0.318 <0.008 <0.017 <0.011
14-15P 16-Oct-97 <0.25 150 <0.29 6.88 <0.091 0.267 <0.008 <0.017 <0.011
Blank 16-Oct-97 <0.25 <0.27 <0.29 0.0901 <0.091 <0.007 <0.008 <0.017 <0.011
12-5P 16-Oct-97 0.697 60.4 <0.29 10.4 <0.091 0.363 <0.008 <0.017 0.706
12-Srf 16-Oct-97 0.763 28.4 <0.29 2.87 <0.091 0.212 <0.008 <0.017 0.138
Blank 27-Jul-98 <0.33 <0.33 <0.37 <0.040 <0.07 <0.006 <0.005 <0.008 0.238
17-15P 28-Jul-98 <0.33 52.4 <0.37 7.01 <0.07 0.204 <0.005 <0.008 0.231
17-5P 28-Jul-98 <0.33 103 <0.37 9.45 <0.07 0.325 <0.005 <0.008 1.59
16-10P 28-Jul-98 1.51 591 <0.37 15.6 <0.07 1.43 <0.005 <0.008 4.91
16-5P 28-Jul-98 <0.33 17.7 <0.37 9.21 <0.07 0.368 <0.005 0.0188 0.919
15-15P 28-Jul-98 <0.33 91.2 <0.37 7.65 <0.07 0.248 <0.005 <0.008 0.232
15-10P 28-Jul-98 <0.33 91.8 <0.37 9.27 <0.07 0.273 <0.005 <0.008 0.407
15-5P 28-Jul-98 <0.33 216 <0.37 10.5 0.0784 0.507 <0.005 0.0120 1.90
14-15P 28-Jul-98 <0.33 125 <0.37 6.05 <0.07 0.271 <0.005 <0.008 0.233
14-10P 28-Jul-98 <0.33 115 <0.37 6.37 <0.07 0.243 <0.005 <0.008 0.242
14-5P 29-Jul-98 <0.33 346 <0.37 10.2 <0.07 0.757 0.0052 <0.008 3.93
17-10P 29-Jul-98 1.98 31.0 <0.37 11.6 <0.07 0.461 <0.005 <0.008 0.443
16-15P 29-Jul-98 <0.33 120 <0.37 9.64 <0.07 0.354 <0.005 <0.008 0.970
13-15P 29-Jul-98 <0.33 155 <0.37 6.58 <0.07 0.355 <0.005 <0.008 0.448
13-10P 29-Jul-98 <0.33 137 <0.37 7.02 <0.07 0.349 <0.005 <0.008 0.472
Blank 30-Jul-98 <0.33 <0.33 <0.37 <0.040 <0.07 <0.006 <0.005 0.0149 <0.008
12-15P 29-Jul-98 <0.33 137 <0.37 6.90 <0.07 0.304 <0.005 <0.008 0.458
12-15P 29-Jul-98 <0.33 128 <0.37 6.62 <0.07 0.296 <0.005 <0.008 0.461
12-10P 29-Jul-98 <0.33 107 <0.37 7.78 <0.07 0.391 <0.005 <0.008 0.484
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Table F-4. (continued)
Well Date P S Sb Si Sn Sr Ti V Zn
12-5P 29-Jul-98 0.505 69.2 <0.37 12.3 <0.07 0.436 <0.005 <0.008 1.44
1-15P 15-Sep-98 0.858 57.4 <0.37 15.2 <0.07 0.461 <0.005 <0.008 <0.008
2-15P 15-Sep-98 <0.33 126 <0.37 10.3 <0.07 0.461 <0.005 0.0096 <0.008
3-15P 15-Sep-98 <0.33 83.6 <0.37 9.83 <0.07 0.397 <0.005 0.0096 <0.008
3-15P 15-Sep-98 <0.33 82.0 <0.37 9.60 <0.07 0.385 <0.005 0.0117 <0.008
4-15P 15-Sep-98 <0.33 104 <0.37 8.72 <0.07 0.429 <0.005 0.0085 <0.008
8-15P 15-Sep-98 <0.33 107 <0.37 10.5 <0.07 0.436 <0.005 <0.008 0.0123
5-10P 15-Sep-98 <0.33 70.8 <0.37 8.51 <0.07 0.248 <0.005 <0.008 <0.008
5-5P 15-Sep-98 <0.33 78.5 <0.37 9.39 <0.07 0.338 <0.005 0.0084 0.0364
11-10P 15-Sep-98 <0.33 147 <0.37 7.14 <0.07 0.321 <0.005 <0.008 0.0146
10-5P 15-Sep-98 <0.33 171 <0.37 7.92 <0.07 0.531 0.0068 <0.008 0.114
10-10P 15-Sep-98 <0.33 169 <0.37 9.28 <0.07 0.429 <0.005 <0.008 <0.008
9-5P 15-Sep-98 0.451 2.5 <0.37 10.4 <0.07 0.709 <0.005 <0.008 0.111
9-10P 15-Sep-98 <0.33 202 <0.37 9.31 <0.07 0.489 <0.005 <0.008 <0.008
8-5P 15-Sep-98 <0.33 34.7 <0.37 7.99 <0.07 0.205 <0.005 <0.008 0.0136
8-10P 15-Sep-98 <0.33 38.3 <0.37 6.80 <0.07 0.188 <0.005 0.0087 0.0235
7-10P 15-Sep-98 <0.33 32.8 <0.37 6.63 <0.07 0.192 <0.005 <0.008 <0.008
6-10P 15-Sep-98 <0.33 29.0 <0.37 5.89 <0.07 0.172 <0.005 <0.008 <0.008
Blank 8-Oct-98 <0.33 <0.33 <0.37 <0.040 0.0868 <0.006 <0.005 <0.008 <0.008
17-15P 8-Oct-98 <0.33 46.0 <0.37 7.75 <0.07 0.219 <0.005 <0.008 <0.008
17-10P 8-Oct-98 2.80 24.7 <0.37 13.9 <0.07 0.506 <0.005 <0.008 <0.008
17-5P 8-Oct-98 <0.33 127 <0.37 8.86 <0.07 0.391 <0.005 <0.008 2.69
16-15P 8-Oct-98 <0.33 136 <0.37 10.7 <0.07 0.395 <0.005 <0.008 0.448
16-10P 8-Oct-98 2.57 590 <0.37 15.5 <0.07 1.33 0.0072 <0.008 3.07
16-5P 8-Oct-98 <0.33 57.8 <0.37 5.58 <0.07 0.244 <0.005 <0.008 0.519
16-Surf 8-Oct-98 3.12 28.3 <0.37 2.73 <0.07 0.183 <0.005 <0.008 0.0827
16-Surf 8-Oct-98 3.21 30.2 <0.37 2.89 <0.07 0.197 <0.005 <0.008 0.0637
Blank 23-Feb-99 <0.33 <0.33 <0.37 0.110 <0.07 <0.006 <0.005 <0.008 <0.008
13-10P 23-Feb-99 <0.33 182 0.343 6.95 <0.07 0.364 0.0053 <0.008 0.0132
13-15P 23-Feb-99 <0.33 151 <0.37 6.36 <0.07 0.358 0.0053 <0.008 0.0122
13-5P 23-Feb-99 0.797 147 0.52 9.92 <0.07 0.411 <0.005 <0.008 0.129
12-5P 23-Feb-99 0.400 49.6 <0.37 6.98 <0.07 0.283 <0.005 <0.008 0.303
12-10P 23-Feb-99 <0.33 85.3 <0.37 6.57 <0.07 0.338 <0.005 <0.008 <0.008
12-15P 23-Feb-99 <0.33 126 <0.37 5.64 <0.07 0.281 0.0030 <0.008 0.0110
16-5P 23-Feb-99 <0.33 25.3 <0.37 4.88 <0.07 0.239 <0.005 <0.008 0.672
16-10P 23-Feb-99 2.31 389 <0.37 12.8 <0.07 1.31 0.0077 <0.008 0.840
16-15P 23-Feb-99 <0.33 127 <0.37 10.1 <0.07 0.383 <0.005 <0.008 0.376
11-5P 23-Feb-99 0.380 125 <0.37 8.79 <0.07 0.345 <0.005 <0.008 0.0655
11-10P 23-Feb-99 <0.33 93.4 <0.37 6.23 <0.07 0.235 <0.005 <0.008 <0.008
14-15P 24-Feb-99 <0.33 108 <0.37 5.98 <0.07 0.254 <0.005 <0.008 <0.008
14-10P 24-Feb-99 <0.33 111 <0.37 6.23 <0.07 0.255 <0.005 <0.008 0.0622
14-5P 24-Feb-99 0.433 280 <0.37 4.37 <0.07 0.569 <0.005 0.0175 3.31
17-5P 24-Feb-99 <0.33 108 <0.37 7.35 <0.07 0.369 <0.005 <0.008 3.79
17-10P 24-Feb-99 <0.33 25.0 <0.37 10.6 <0.07 0.444 <0.005 <0.008 <0.008
17-15P 24-Feb-99 <0.33 45.9 <0.37 7.20 <0.07 0.220 <0.005 <0.008 <0.008
15-5P 24-Feb-99 <0.33 151 <0.37 6.94 <0.07 0.447 <0.005 <0.008 1.34
15-10P 24-Feb-99 <0.33 76.6 <0.37 7.80 <0.07 0.269 <0.005 <0.008 0.158
15-15P 24-Feb-99 0.694 46.3 <0.37 5.10 <0.07 0.209 <0.005 <0.008 <0.008
Blank 20-Jul-99 <0.33 <0.31 <0.17 <0.014 <0.11 <0.005 <0.004 0.0070 <0.009
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Table F-4. (continued)
Well Date P S Sb Si Sn Sr Ti V Zn
17-15P 20-Jul-99 0.317 47.5 <0.17 7.03 <0.11 0.223 0.0037 <0.003 <0.009
9-10P 20-Jul-99 <0.33 166 <0.17 8.96 <0.11 0.424 0.0074 <0.003 <0.009
17-5P 20-Jul-99 0.511 122 <0.17 11.5 <0.11 0.494 0.0074 0.0153 5.94
16-15P 20-Jul-99 <0.33 122 <0.17 9.82 <0.11 0.405 0.0070 <0.003 0.407
16-10P 20-Jul-99 2.55 402 <0.17 13.4 <0.11 1.26 0.0139 <0.003 0.506
16-5P 20-Jul-99 0.434 79.5 <0.17 8.62 <0.11 0.435 0.0044 0.0046 2.04
10-10P 20-Jul-99 <0.33 156 <0.17 9.63 <0.11 0.427 0.0072 0.0055 <0.009
10-10P 20-Jul-99 <0.33 163 <0.17 9.80 <0.11 0.433 0.0087 <0.003 <0.009
10-5P 20-Jul-99 <0.33 164 <0.17 8.37 <0.11 0.516 0.0119 0.0118 0.0410
15-15P 20-Jul-99 <0.33 107 <0.17 7.63 <0.11 0.303 0.0060 0.0091 <0.009
15-10P 20-Jul-99 <0.33 81.0 <0.17 8.93 <0.11 0.297 0.0060 0.0027 0.166
15-5P 20-Jul-99 1.49 218 <0.17 10.7 <0.11 0.862 0.0103 0.0112 0.0883
14-15P 20-Jul-99 <0.33 125 <0.17 6.25 <0.11 0.279 0.0064 0.0069 0.0137
14-10P 20-Jul-99 <0.33 118 <0.17 6.60 <0.11 0.283 0.0064 0.0091 0.0590
14-5P 20-Jul-99 1.23 324 <0.17 12.1 <0.11 1.01 0.0159 <0.003 0.0945
11-10P 20-Jul-99 <0.33 126 <0.17 7.50 <0.11 0.279 0.0060 0.0058 0.0260
11-5P 20-Jul-99 0.458 133 <0.17 11.5 <0.11 0.363 <0.004 0.0081 0.0951
12-15P 20-Jul-99 <0.33 133 <0.17 5.56 <0.11 0.293 0.0060 0.0058 0.0155
12-10P 20-Jul-99 <0.33 84.2 <0.17 7.21 <0.11 0.312 <0.004 0.0149 0.0136
12-5P 20-Jul-99 1.14 69.5 <0.17 10.9 <0.11 0.417 0.0048 0.0089 0.719
13-15P 20-Jul-99 <0.33 151 <0.17 6.44 <0.11 0.362 0.0072 0.0035 0.0224
13-10P 20-Jul-99 <0.33 138 <0.17 6.77 <0.11 0.333 0.0072 0.0128 <0.009
13-5P 20-Jul-99 0.495 119 <0.17 11.1 <0.11 0.393 0.0044 0.0045 0.0510
17-10P 20-Jul-99 1.33 11.4 <0.17 11.2 <0.11 0.427 0.0072 0.0054 0.0136
9-5P 20-Jul-99 1.00 10.8 <0.17 10.7 <0.11 0.642 0.0111 0.0037 <0.009
5-10P 20-Jul-99 <0.33 53.7 <0.17 7.83 <0.11 0.203 <0.004 0.0085 0.0232
5-5P 20-Jul-99 0.747 79.5 <0.17 10.6 <0.11 0.382 0.0059 0.0126 0.0463
18-15P 20-Jul-99 <0.33 110 <0.17 11.0 <0.11 0.433 0.0063 0.0030 0.0142
18-15P 20-Jul-99 <0.33 112 <0.17 11.1 <0.11 0.436 0.0063 0.0080 <0.009
6-5P 21-Jul-99 <0.33 30.0 <0.17 7.41 <0.11 0.191 <0.004 0.0076 0.0257
6-10P 21-Jul-99 <0.33 31.9 <0.17 6.49 <0.11 0.180 <0.004 <0.003 0.0090
7-10P 21-Jul-99 <0.33 34.7 <0.17 6.80 <0.11 0.179 <0.004 <0.003 <0.009
7-5P 21-Jul-99 0.352 47.0 <0.17 9.38 <0.11 0.276 <0.004 0.0126 0.0117
8-10P 21-Jul-99 <0.33 38.3 <0.17 6.45 <0.11 0.172 0.0055 0.0076 <0.009
8-10P 21-Jul-99 <0.33 37.6 <0.17 6.49 <0.11 0.171 <0.004 0.0051 <0.009
8-5P 21-Jul-99 <0.33 36.7 <0.17 8.12 <0.11 0.196 <0.004 <0.003 0.0107
4-15P 21-Jul-99 <0.33 107 <0.17 9.44 <0.11 0.417 0.0078 0.0097 <0.009
3-15P 21-Jul-99 <0.33 69.4 <0.17 9.29 <0.11 0.322 0.0066 0.0073 0.0162
2-15P 21-Jul-99 <0.33 111 <0.17 11.4 <0.11 0.443 0.0070 0.0146 0.0180
1-15P 21-Jul-99 0.611 65.5 <0.17 15.6 <0.11 0.487 0.0074 0.0044 0.0528
17-15P 1-Dec-99 <0.33 81.7 0.176 8.28 <0.11 0.292 <0.004 <0.003 <0.009
17-5P 1-Dec-99 0.403 104 0.176 6.67 <0.11 0.345 <0.004 <0.003 1.66
17-10P 1-Dec-99 0.417 38.4 <0.17 11.4 <0.11 0.441 <0.004 <0.003 0.0398
9-5P 1-Dec-99 2.75 8.1 0.282 11.1 <0.11 0.736 0.0058 <0.003 <0.009
9-10P 1-Dec-99 <0.33 167 0.176 9.25 <0.11 0.398 <0.004 <0.003 <0.009
9-10P 1-Dec-99 0.438 166 <0.17 9.27 <0.11 0.398 <0.004 <0.003 <0.009
16-5P 1-Dec-99 <0.33 33.5 <0.17 5.45 <0.11 0.258 <0.004 <0.003 0.421
16-15P 1-Dec-99 <0.33 106 0.192 10.3 <0.11 0.377 <0.004 <0.003 0.250
16-10P 1-Dec-99 1.10 521 <0.17 13.9 <0.11 1.19 0.0046 0.0032 4.99
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Table F-4. (concluded)
Well Date P S Sb Si Sn Sr Ti V Zn
10-10P 1-Dec-99 <0.33 199 0.268 9.83 <0.11 0.458 0.0072 <0.003 <0.009
10-5P 1-Dec-99 0.424 176 0.230 8.09 <0.11 0.539 <0.004 <0.003 0.0483
13-15P 2-Dec-99 <0.33 128 <0.17 6.71 <0.11 0.337 <0.004 <0.003 0.0146
13-10P 2-Dec-99 <0.33 98.7 <0.17 7.12 0.156 0.309 <0.004 <0.003 <0.009
Blank 1-Dec-99 <0.33 <0.31 <0.17 0.02 <0.11 <0.005 <0.004 <0.003 <0.009
13-5P 2-Dec-99 0.990 102 <0.17 10.2 <0.11 0.456 <0.004 <0.003 0.245
12-5P 2-Dec-99 0.424 43.0 <0.17 6.36 <0.11 0.263 <0.004 <0.003 1.15
12-10P 2-Dec-99 <0.33 62.9 <0.17 5.81 <0.11 0.291 <0.004 <0.003 0.0945
12-15P 2-Dec-99 <0.33 129 0.192 7.18 <0.11 0.313 <0.004 <0.003 0.0144
12-15P 2-Dec-99 <0.33 135 <0.17 7.65 <0.11 0.334 <0.004 <0.003 0.0133
14-5P 2-Dec-99 <0.33 394 <0.17 7.26 <0.11 0.696 0.0065 <0.003 4.31
14-10P 2-Dec-99 0.576 83.2 <0.17 4.88 <0.11 0.316 <0.004 <0.003 0.424
14-15P 2-Dec-99 <0.33 70.8 <0.17 4.40 <0.11 0.255 <0.004 <0.003 0.0183
15-5P 2-Dec-99 0.473 116 <0.17 7.05 <0.11 0.358 <0.004 <0.003 1.08
Blank 2-Dec-99 <0.33 <0.31 <0.17 0.100 <0.11 <0.005 <0.004 <0.003 <0.009
5-5P 8-Dec-99 0.704 81.9 <0.17 8.33 <0.11 0.356 <0.004 <0.003 0.0471
5-10P 8-Dec-99 <0.33 71.6 0.213 8.62 <0.11 0.242 <0.004 0.0079 <0.009
15-10P 2-Dec-99 0.364 111 <0.17 7.47 <0.11 0.364 <0.004 <0.003 0.296
15-15P 2-Dec-99 0.432 81.8 <0.17 6.99 <0.11 0.303 <0.004 <0.003 0.115
15-Srf 2-Dec-99 0.894 32.1 <0.17 0.502 <0.11 0.259 <0.004 <0.003 0.0611
11-5P 2-Dec-99 0.283 108 0.285 9.60 <0.11 0.272 <0.004 <0.003 0.0402
11-10P 2-Dec-99 <0.33 104 <0.17 8.51 <0.11 0.255 <0.004 <0.003 <0.009
6-5P 8-Dec-99 <0.33 35.4 0.407 6.37 <0.11 0.199 <0.004 <0.003 0.0106
6-10P 8-Dec-99 <0.33 32.3 0.332 5.75 <0.11 0.167 <0.004 0.0062 <0.009
6-10P 8-Dec-99 <0.33 32.5 0.332 5.76 <0.11 0.168 <0.004 <0.003 0.0106
8-5P 8-Dec-99 <0.33 37.1 0.332 6.80 <0.11 0.172 <0.004 <0.003 <0.009
8-10P 8-Dec-99 <0.33 33.3 0.444 6.16 <0.11 0.156 <0.004 <0.003 <0.009
4-15P 8-Dec-99 <0.33 67.2 0.332 8.63 <0.11 0.323 <0.004 <0.003 <0.009
3-15P 8-Dec-99 <0.33 69.9 0.486 11.67 <0.11 0.373 <0.004 0.0058 <0.009
2-15P 8-Dec-99 <0.33 105 0.398 13.79 <0.11 0.487 <0.004 <0.003 <0.009
1-15P 8-Dec-99 1.47 56.5 0.265 22.68 <0.11 0.523 <0.004 <0.003 0.0255
18-15P 8-Dec-99 <0.33 129 <0.17 14.04 <0.11 0.526 0.0067 0.0063 <0.009
18-15P 8-Dec-99 <0.33 124 0.442 13.47 <0.11 0.498 0.0075 <0.003 0.0106
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Table F-5. Concentrations of fluoride, chloride, nitrate, orthophosphate, sulfate, nonvolatile organic carbon,
alkalinity, sulfide, and ammonium in filtered ground-water samples from the DePue site. Results in mg/L.
Alkalinity
(CaCO3)Well Date Fluoride Chloride NO3--N o-PO43--P SO42--S NVOC H2S-S NH4+-N
13-15P 1-Oct-97 1.76 67.4 784 10.5 747 4.6 600 <0.1 **
13-10P 1-Oct-97 1.31 57.1 0.270 <0.2 537 5.6 ** <0.2 **
12-10P 1-Oct-97 0.910 56.0 <0.04 <0.2 309 5.7 480 <0.3 **
12-10P 1-Oct-97 0.860 56.2 <0.04 <0.2 311 5.7 480 <0.4 **
12-15P 1-Oct-97 1.30 42.6 <0.04 <0.2 582 5.3 535 <0.5 **
15-10P 2-Oct-97 1.04 65.4 <0.04 <0.2 400 6.8 455 <0.6 **
Blank 2-Oct-97 0.110 <0.15 <0.04 <0.2 <0.07 <0.2 <5 <0.7 **
15-15P 2-Oct-97 1.01 63.9 0.0800 <0.2 449 6.4 350 <0.8 **
15-15P 2-Oct-97 1.01 63.4 0.100 <0.2 450 6.4 395 <0.9 **
14-15P 2-Oct-97 1.07 58.0 <0.04 <0.2 480 4.5 420 <0.10 **
14-10P 2-Oct-97 1.04 60.3 <0.04 <0.2 457 4.7 425 <0.11 **
17-15P 3-Oct-97 0.680 69.1 <0.04 <0.2 211 4.5 355 <0.12 **
16-15P 3-Oct-97 ** ** ** ** ** ** ** ** **
16-15P 15-Oct-97 1.62 56.7 0.0600 <0.2 566 9.3 625 <0.1 **
Blank 15-Oct-97 <0.05 <0.15 <0.04 <0.2 <0.07 <0.2 <5 <0.1 **
16-10P 15-Oct-97 3.49 51.8 1.04 <0.2 1767 18.6 805 <0.1 **
16-10P 15-Oct-97 3.80 53.8 0.0800 <0.2 1815 19.0 730 <0.1 **
16-5P 15-Oct-97 2.35 71.1 11.05 <0.2 169 7.5 255 <0.1 **
16-Srf 15-Oct-97 0.768 89.3 <0.04 0.747 87.7 15.1 210 <0.1 **
14-15P 16-Oct-97 1.00 54.0 <0.04 <0.2 498 4.5 420 <0.1 **
14-10P 16-Oct-97 0.920 56.5 <0.04 <0.2 445 4.6 420 <0.1 **
14-5P 16-Oct-97 2.03 60.9 15.7 <0.2 837 10.0 310 <0.1 **
14-Srf 16-Oct-97 0.649 84.7 1.70 <0.2 91.5 7.2 185 <0.1 **
12-15P 16-Oct-97 1.25 42.9 <0.04 <0.2 529 5.0 530 <0.1 **
12-10P 16-Oct-97 0.890 51.7 <0.04 <0.2 287 5.4 480 <0.1 **
14-15P 16-Oct-97 1.02 54.9 <0.04 <0.2 457 4.4 425 <0.1 **
Blank 16-Oct-97 <0.05 <0.04 <0.2 <0.07 <0.2 <5 <0.1 **
12-5P 16-Oct-97 1.44 47.3 18.09 0.140 173 ** 270 <0.1 **
12-Srf 16-Oct-97 0.649 86.7 0.150 0.430 90.7 8.2 190 <0.1 **
Blank 27-Jul-98 <0.05 <0.15 <0.09 <0.2 <0.07 0.3 <5 <0.1 **
17-15P 28-Jul-98 0.179 62.3 <0.09 <0.2 145 4.3 499 <0.1 0.047
17-5P 28-Jul-98 ** ** ** ** ** ** ** ** **
16-10P 28-Jul-98 2.59 51.0 <0.09 <0.2 1828 18.8 1036 <0.1 4.27
16-5P 28-Jul-98 2.40 44.2 <0.09 <0.2 59.7 9.2 550 <0.1 0.101
15-15P 28-Jul-98 0.255 59.9 <0.09 <0.2 264 5.6 401 <0.1 0.0621
15-10P 28-Jul-98 0.281 60.9 <0.09 <0.2 261 6.3 461 <0.1 0.148
15-5P 28-Jul-98 ** ** ** ** ** ** 382 ** **
14-15P 28-Jul-98 1.51 54.3 <0.09 <0.2 663 13.6 406 <0.1 0.194
14-10P 28-Jul-98 0.238 60.4 <0.09 <0.2 313 4.4 ** <0.1 <0.016
14-5P 29-Jul-98 0.186 63.6 0.128 <0.2 356 4.4 479 <0.1 0.0311
17-10P 29-Jul-98 0.978 45.8 0.161 <0.2 1161 ** <0.1
16-15P 29-Jul-98 0.360 111 <0.09 <0.2 399 7.9 645 <0.1 0.0699
13-15P 29-Jul-98 0.176 57.9 <0.09 <0.2 514 4.2 593 <0.1 <0.016
13-10P 29-Jul-98 0.173 59.8 <0.09 <0.2 465 5.1 588 <0.1 <0.016
Blank 30-Jul-98 <0.05 <0.31 <0.09 <0.2 <0.51 <0.2 <5 <0.1 <0.016
12-15P 29-Jul-98 0.230 46.8 <0.09 <0.2 477 4.3 520 <0.1 <0.016
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Table F-5. (continued)
Alkalinity
(CaCO3)Well Date Fluoride Chloride NO3--N o-PO43--P SO42--S NVOC H2S-S NH4+-N
12-15P 29-Jul-98 0.218 45.6 0.113 <0.2 479 4.40 508 <0.1 <0.016
12-10P 29-Jul-98 0.249 66.9 <0.09 <0.2 321 4.90 491 <0.1 <0.016
12-5P 29-Jul-98 0.983 52.5 <0.09 <0.2 200 ** ** **
1-15P 15-Sep-98 ** ** ** ** ** ** 822 ** **
2-15P 15-Sep-98 <0.05 39.5 <0.09 <0.2 371 5.90 549 ** <0.016
3-15P 15-Sep-98 <0.05 30.1 <0.09 <0.2 225 5.00 616 ** <0.016
3-15P 15-Sep-98 <0.05 20.5 <0.09 <0.2 225 5.20 609 ** <0.016
4-15P 15-Sep-98 <0.05 50.8 <0.09 <0.2 289 ** ** ** **
8-15P 15-Sep-98 <0.05 20.5 <0.09 <0.2 318 9.70 780 ** 0.148
5-10P 15-Sep-98 0.0900 77.4 <0.09 <0.2 212 4.10 398 ** 0.0854
5-5P 15-Sep-98 ** ** ** ** ** ** ** ** **
11-10P 15-Sep-98 <0.05 64.9 0.263 <0.2 405 5.73 467 ** <0.016
10-5P 15-Sep-98 ** ** ** ** ** ** ** ** **
10-10P 15-Sep-98 <0.05 45.2 <0.09 <0.2 495 7.41 685 ** 0.0932
9-5P 15-Sep-98 ** ** ** ** ** ** 1546 ** **
9-10P 15-Sep-98 <0.05 48.2 <0.09 <0.2 625 6.77 720 ** 0.0854
8-5P 15-Sep-98 ** ** ** ** ** ** ** ** **
8-10P 15-Sep-98 <0.05 64.8 <0.09 <0.2 117 4.51 335 ** 0.194
7-10P 15-Sep-98 0.0570 79.4 <0.09 <0.2 86.7 4.09 283 ** 0.0311
6-10P 15-Sep-98 0.132 69.2 <0.09 <0.2 79.2 3.27 297 ** <0.016
Blank 8-Oct-98 <0.05 <0.31 <0.09 <0.2 <0.51 5.94 5 ** <0.016
17-15P 8-Oct-98 0.103 58.5 <0.09 <0.2 137 4.82 398 ** 0.0544
17-10P 8-Oct-98 0.841 72.4 4.21 <0.2 459 18.9 240 ** 0.419
17-5P 8-Oct-98 1.51 77.2 3.59 <0.2 380 10.8 207 ** 0.0155
16-15P 8-Oct-98 0.217 52.0 0.120 <0.2 382 8.16 626 ** 0.0388
16-10P 8-Oct-98 0.707 47.2 0.150 <0.2 1537 19.2 1045 ** 3.68
16-5P 8-Oct-98 2.65 79.3 2.89 <0.2 160 5.81 188 ** <0.016
16-Surf 8-Oct-98 0.400 77.5 0.770 2.57 86.5 9.04 188 ** 0.0621
16-Surf 8-Oct-98 0.391 78.6 0.790 2.73 86.6 8.56 188 ** 0.0544
Blank 23-Feb-99 <0.02 <0.31 <0.09 <0.2 <0.51 0.360 9 <0.1 <0.016
13-10P 23-Feb-99 0.148 61.9 <0.09 <0.2 473 5.18 570 <0.1 <0.016
13-15P 23-Feb-99 0.266 63.0 0.479 <0.2 381 4.26 501 <0.1 <0.016
13-5P 23-Feb-99 ** 424 <0.1 <0.016
12-5P 23-Feb-99 1.68 59.2 <0.09 <0.2 146 6.00 286 <0.1 <0.016
12-10P 23-Feb-99 0.145 71.2 <0.09 <0.2 257 5.39 445 <0.1 0.0466
12-15P 23-Feb-99 0.114 41.7 0.220 <0.2 384 3.80 384 <0.1 <0.016
16-5P 23-Feb-99 2.15 68.7 <0.09 <0.2 60.0 5.58 326 <0.1 0.0311
16-10P 23-Feb-99 1.21 48.4 <0.09 <0.2 1190 21.0 1262 <0.1 1.67
16-15P 23-Feb-99 0.343 55.1 0.222 <0.2 381 10.4 716 <0.1 <0.016
11-5P 23-Feb-99 0.436 66.8 0.582 <0.2 386 7.08 627 <0.1 0.0388
11-10P 23-Feb-99 0.244 80.4 1.17 <0.2 287 2.96 383 <0.1 <0.016
14-15P 24-Feb-99 0.207 62.0 <0.09 <0.2 331 4.26 422 <0.1 <0.016
14-10P 24-Feb-99 0.193 65.2 <0.09 <0.2 343 4.68 440 <0.1 0.0365
14-5P 24-Feb-99 0.589 60.8 0.318 <0.2 884 9.22 323 <0.1 0.126
17-5P 24-Feb-99 1.68 68.4 <0.09 <0.2 331 10.4 268 <0.1 0.0613
17-10P 24-Feb-99 0.359 58.5 <0.09 <0.2 82.6 ** 1014 <0.1 0.748
17-15P 24-Feb-99 0.194 74.8 <0.09 <0.2 139 4.95 354 <0.1 0.0738
15-5P 24-Feb-99 1.37 64.4 <0.09 <0.2 443 12.7 359 <0.1 0.0613
15-10P 24-Feb-99 0.220 69.0 <0.09 <0.2 245 7.03 471 <0.1 0.155
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Table F-5. (continued)
Alkalinity
(CaCO3)Well Date Fluoride Chloride NO3--N o-PO43--P SO42--S NVOC H2S-S NH4+-N
15-15P 24-Feb-99 0.198 72.3 <0.09 <0.2 203 6.16 280 <0.1 0.438
Blank 20-Jul-99 <0.02 <0.36 <0.11 <0.2 <0.41 0.4 150 ** <0.016
17-15P 20-Jul-99 0.297 70.8 <0.11 <0.2 142 5.1 358 ** 0.0621
9-10P 20-Jul-99 0.390 56.3 <0.11 <0.2 517 6.8 655 ** 0.0777
17-5P 20-Jul-99 1.68 66.4 <0.11 <0.2 358 12.7 360 ** 0.0699
16-15P 20-Jul-99 0.420 56.1 0.142 <0.2 349 10.2 700 ** 0.0233
16-10P 20-Jul-99 1.44 53.8 0.159 <0.2 1314 23.8 1183 ** 3.49
16-5P 20-Jul-99 2.01 59.5 <0.11 <0.2 200 8.5 457 ** 0.163
10-10P 20-Jul-99 0.384 51.5 <0.11 <0.2 461 8.1 679 ** 0.101
10-10P 20-Jul-99 0.383 52.7 <0.11 <0.2 462 8.2 681 ** 0.101
10-5P 20-Jul-99 0.482 49.5 0.519 <0.2 483 ** 818 ** 0.404
15-15P 20-Jul-99 0.262 72.2 <0.11 <0.2 301 6.4 444 ** 0.101
15-10P 20-Jul-99 0.348 70.2 <0.11 <0.2 242 7.3 534 ** 0.155
15-5P 20-Jul-99 1.17 56.7 <0.11 <0.2 655 18.8 898 ** 0.582
14-15P 20-Jul-99 0.265 65.2 <0.11 <0.2 364 5.0 422 ** 0.0388
14-10P 20-Jul-99 0.265 67.5 0.146 <0.2 350 5.5 451 ** 0.116
14-5P 20-Jul-99 0.986 49.9 0.470 <0.2 1186 13.0 978 ** 0.481
11-10P 20-Jul-99 0.366 72.3 0.345 <0.2 361 6.3 510 ** <0.016
11-5P 20-Jul-99 0.453 70.0 0.139 <0.2 354 7.3 713 ** 0.217
12-15P 20-Jul-99 0.303 49.7 0.210 <0.2 395 4.9 376 ** <0.016
12-10P 20-Jul-99 0.297 71.6 <0.11 <0.2 231 5.8 409 ** 0.0466
12-5P 20-Jul-99 1.06 59.6 <0.11 0.505 205 556 ** 0.116
13-15P 20-Jul-99 0.316 61.8 <0.11 <0.2 414 5.0 466 ** <0.016
13-10P 20-Jul-99 0.272 66.0 <0.11 <0.2 401 6.6 514 ** <0.016
13-5P 20-Jul-99 ** ** ** ** ** ** 784 ** 0.0466
17-10P 20-Jul-99 0.509 62.5 <0.11 <0.2 32.0 21.8 1067 ** 1.01
9-5P 20-Jul-99 ** ** ** ** ** ** ** **
5-10P 20-Jul-99 0.347 74.5 0.288 <0.2 150 5.0 336 ** 0.101
5-5P 20-Jul-99 0.613 72.7 0.188 0.364 248 9.0 536 ** 0.124
18-15P 20-Jul-99 0.332 24.2 <0.11 <0.2 320 10.2 762 ** 0.148
18-15P 20-Jul-99 0.327 25.6 <0.11 <0.2 318 10.1 767 ** 0.148
6-5P 21-Jul-99 0.506 58.8 <0.11 <0.2 81.5 4.0 338 ** 0.0160
6-10P 21-Jul-99 0.368 65.7 <0.11 <0.2 84.0 3.6 332 ** <0.016
7-10P 21-Jul-99 0.228 70.8 0.175 <0.2 93.8 4.0 307 ** 0.0311
7-5P 21-Jul-99 0.315 72.5 <0.11 <0.2 439 ** 0.0621
8-10P 21-Jul-99 0.234 72.8 <0.11 <0.2 98.8 4.7 304 ** <0.016
8-10P 21-Jul-99 0.210 72.9 <0.11 <0.2 98.8 4.7 305 ** 0.0311
8-5P 21-Jul-99 0.314 71.7 <0.11 <0.2 102 4.5 366 ** 0.0311
4-15P 21-Jul-99 0.211 61.7 <0.11 <0.2 311 5.5 602 ** 0.0160
3-15P 21-Jul-99 0.239 46.0 <0.11 <0.2 215 5.3 535 ** 0.0233
2-15P 21-Jul-99 0.306 54.6 0.186 <0.2 321 6.4 528 ** 0.0230
1-15P 21-Jul-99 0.300 30.6 <0.11 <0.2 185 15.2 803 ** 3.31
17-15P 1-Dec-99 0.260 90.5 <0.13 <0.08 241 5.6 423 <0.1 0.113
17-5P 1-Dec-99 1.51 80.0 <0.13 <0.08 324 11.5 198 <0.1 0.0663
17-10P 1-Dec-99 ** ** ** ** ** ** ** ** **
9-5P 1-Dec-99 0.400 55.7 <0.13 <0.08 113 ** 1160 ** 1.19
9-10P 1-Dec-99 0.110 62.4 <0.13 <0.08 478 6.0 605 <0.1 0.186
9-10P 1-Dec-99 0.140 60.9 <0.13 <0.08 482 5.8 606 <0.1 0.160
16-5P 1-Dec-99 1.90 92.5 <0.13 <0.08 99.3 5.6 335 <0.1 <0.04
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Table F-5. (concluded)
Alkalinity
(CaCO3)Well Date Fluoride Chloride NO3--N o-PO43--P SO42--S NVOC H2S-S NH4+-N
16-15P 1-Dec-99 0.280 56.3 0.196 <0.08 324 9.1 709 <0.1 0.0791
16-10P 1-Dec-99 2.00 63.0 <0.13 <0.08 1483 17.8 883 <0.1 4.26
10-10P 1-Dec-99 0.0800 45.4 0.200 <0.08 581 7.4 684 <0.1 0.213
10-5P 1-Dec-99 0.245 47.8 <0.13 <0.08 528 9.0 711 <0.1 0.0436
13-15P 2-Dec-99 0.120 69.3 0.140 <0.08 374 4.3 550 <0.1 <0.04
13-10P 2-Dec-99 0.100 70.6 <0.13 <0.08 287 4.4 509 <0.1 <0.04
Blank 1-Dec-99 <0.04 <0.34 <0.13 <0.08 <0.44 0.3 11 <0.1 <0.04
13-5P 2-Dec-99 0.730 60.8 <0.13 0.400 275 7.7 414 <0.1 <0.04
12-5P 2-Dec-99 1.08 88.4 0.220 0.190 132 7.3 245 <0.1 <0.04
12-10P 2-Dec-99 0.230 84.0 <0.13 <0.08 193 6.2 368 <0.1 <0.04
12-15P 2-Dec-99 0.140 63.4 <0.13 <0.08 399 5.4 497 <0.1 0.0734
12-15P 2-Dec-99 0.140 63.9 <0.13 <0.08 393 5.2 489 <0.1 0.0635
14-5P 2-Dec-99 0.910 77.3 <0.13 <0.08 1095 10.8 231 <0.1 0.0748
14-10P 2-Dec-99 0.250 87.0 1.56 <0.08 239 5.8 346 <0.1 <0.04
14-15P 2-Dec-99 0.270 91.9 1.37 <0.08 212 5.0 306 <0.1 <0.04
15-5P 2-Dec-99 1.18 86.1 <0.13 <0.08 359 11.5 192 <0.1 <0.04
Blank 2-Dec-99 0.0800 <0.34 <0.13 <0.08 <0.44 0.2 <5 <0.1 <0.04
5-5P 8-Dec-99 0.550 80.2 2.51 0.570 252 7.0 433 <0.1 <0.04
5-10P 8-Dec-99 0.230 78.2 <0.13 <0.08 224 4.3 398 <0.1 0.124
15-10P 2-Dec-99 1.24 83.1 <0.13 <0.08 351 11.1 263 <0.1 0.0706
15-15P 2-Dec-99 0.190 79.0 <0.13 <0.08 276 6.8 466 <0.1 0.0734
15-Srf 2-Dec-99 0.460 108 0.140 0.560 104 8.1 230 <0.1 <0.04
11-5P 2-Dec-99 0.180 74.5 <0.13 <0.08 353 6.3 509 <0.1 <0.04
11-10P 2-Dec-99 0.230 73.8 <0.13 <0.08 344 ** ** ** **
6-5P 8-Dec-99 0.370 83.2 1.45 <0.08 109 3.2 323 <0.1 <0.04
6-10P 8-Dec-99 0.270 87.2 0.270 <0.08 97.5 2.6 318 <0.1 <0.04
6-10P 8-Dec-99 0.270 83.7 0.300 <0.08 98.2 3.8 323 <0.1 <0.04
8-5P 8-Dec-99 0.160 68.9 <0.13 <0.08 116 3.7 396 <0.1 <0.04
8-10P 8-Dec-99 0.160 72.2 <0.13 <0.08 108 4.2 318 <0.1 <0.04
4-15P 8-Dec-99 0.0700 77.4 <0.13 <0.08 218 4.1 537 <0.1 <0.04
3-15P 8-Dec-99 0.110 60.6 <0.13 <0.08 172 4.4 452 <0.1 <0.04
2-15P 8-Dec-99 0.170 61.7 <0.13 <0.08 253 5.3 537 <0.1 <0.04
1-15P 8-Dec-99 0.150 29.9 <0.13 <0.08 129 13.7 751 <0.1 4.25
18-15P 8-Dec-99 0.180 24.1 0.370 <0.08 318 8.3 747 <0.1 0.293
18-15P 8-Dec-99 0.180 24.4 <0.13 <0.08 317 8.5 750 <0.1 0.273
Note:  ** No sample.
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Table F-6. Concentrations of Ag, Al, As, B, Ba, Be, Ca, Cd, and Co in unfiltered ground-water samples from the
DePue site. Results in mg/L.
Well Date Ag Al As B Ba Be Ca Cd Co
13-15P 1-Oct-97 <0.12 0.167 <0.19 0.159 0.0281 <0.005 310 <0.019 <0.008
13-10P 1-Oct-97 ** ** ** ** ** ** ** ** **
12-10P 1-Oct-97 ** ** ** ** ** ** ** ** **
12-10P 1-Oct-97 ** ** ** ** ** ** ** ** **
12-15P 1-Oct-97 ** ** ** ** ** ** ** ** **
15-10P 2-Oct-97 ** ** ** ** ** ** ** ** **
Blank 2-Oct-97 ** ** ** ** ** ** ** ** **
15-15P 2-Oct-97 ** ** ** ** ** ** ** ** **
15-15P 2-Oct-97 ** ** ** ** ** ** ** ** **
14-15P 2-Oct-97 ** ** ** ** ** ** ** ** **
14-10P 2-Oct-97 ** ** ** ** ** ** ** ** **
17-15P 3-Oct-97 ** ** ** ** ** ** ** ** **
16-15P 3-Oct-97 ** ** ** ** ** ** ** ** **
16-15P 15-Oct-97 ** ** ** ** ** ** ** ** **
Blank 15-Oct-97 ** ** ** ** ** ** ** ** **
16-10P 15-Oct-97 ** ** ** ** ** ** ** ** **
16-10P 15-Oct-97 ** ** ** ** ** ** ** ** **
16-5P 15-Oct-97 ** ** ** ** ** ** ** ** **
16-Srf 15-Oct-97 ** ** ** ** ** ** ** ** **
14-15P 16-Oct-97 ** ** ** ** ** ** ** ** **
14-10P 16-Oct-97 ** ** ** ** ** ** ** ** **
14-5P 16-Oct-97 ** ** ** ** ** ** ** ** **
14-Srf 16-Oct-97 ** ** ** ** ** ** ** ** **
12-15P 16-Oct-97 ** ** ** ** ** ** ** ** **
12-10P 16-Oct-97 <0.12 0.746 <0.19 0.210 0.0419 <0.005 209 <0.019 <0.008
14-15P 16-Oct-97 <0.12 0.282 <0.19 0.140 0.0255 <0.005 238 <0.019 <0.008
Blank 16-Oct-97 ** ** ** ** ** ** ** ** **
12-5P 16-Oct-97 ** ** ** ** ** ** ** ** **
12-Srf 16-Oct-97 ** ** ** ** ** ** ** ** **
Blank 27-Jul-98 ** ** ** ** ** ** ** ** **
17-15P 28-Jul-98 * 0.0638 <0.13 0.111 0.0333 <0.004 128 <0.016 <0.011
17-5P 28-Jul-98 ** ** ** ** ** ** ** ** **
16-10P 28-Jul-98 * 2.14 0.208 0.322 0.161 <0.004 657 <0.016 0.0774
16-5P 28-Jul-98 ** ** ** ** ** ** ** ** **
15-15P 28-Jul-98 * 0.313 <0.13 0.0980 0.0457 <0.004 180 <0.016 <0.011
15-10P 28-Jul-98 ** ** ** ** ** ** ** ** **
15-5P 28-Jul-98 * 0.0804 <0.13 0.407 0.0467 <0.004 258 0.044 <0.011
14-15P 28-Jul-98 ** ** ** ** ** ** ** ** **
14-10P 28-Jul-98 * 0.270 <0.13 0.120 0.0663 <0.004 197 <0.016 <0.011
14-5P 29-Jul-98 ** ** ** ** ** ** ** ** **
17-10P 29-Jul-98 ** ** ** ** ** ** ** ** **
16-15P 29-Jul-98 ** ** ** ** ** ** ** ** **
13-15P 29-Jul-98 * 0.167 <0.13 0.0800 0.0296 <0.004 304 <0.016 <0.011
13-10P 29-Jul-98 ** ** ** ** ** ** ** ** **
Blank 30-Jul-98 * <0.042 <0.13 <0.04 <0.004 <0.004 <0.10 <0.016 <0.011
12-15P 29-Jul-98 ** ** ** ** ** ** ** ** **
12-15P 29-Jul-98 * 0.322 <0.13 0.141 0.0405 0.0041 248 <0.016 <0.011
12-10P 29-Jul-98 ** ** ** ** ** ** ** ** **
252
Table F-6. (continued).
Well Date Ag Al As B Ba Be Ca Cd Co
12-5P 29-Jul-98 ** ** ** ** ** ** ** ** **
1-15P 15-Sep-98 ** ** ** ** ** ** ** ** **
2-15P 15-Sep-98 * 0.803 <0.13 0.204 0.110 <0.004 276 <0.016 <0.011
3-15P 15-Sep-98 ** ** ** ** ** ** ** ** **
3-15P 15-Sep-98 * 0.439 <0.13 0.178 0.0909 <0.004 258 <0.016 <0.011
4-15P 15-Sep-98 ** ** ** ** ** ** ** ** **
8-15P 15-Sep-98 * 6.49 <0.13 0.0909 0.165 <0.004 289 <0.016 0.0162
5-10P 15-Sep-98 ** ** ** ** ** ** ** ** **
5-5P 15-Sep-98 * 0.168 <0.13 0.114 0.0669 <0.004 181 <0.016 0.0120
11-10P 15-Sep-98 * 0.0805 <0.13 0.106 0.0551 <0.004 232 <0.016 <0.011
10-5P 15-Sep-98 ** ** ** ** ** ** ** ** **
10-10P 15-Sep-98 * 0.234 <0.13 0.0857 0.0641 <0.004 291 <0.016 0.0129
9-5P 15-Sep-98 ** ** ** ** ** ** ** ** **
9-10P 15-Sep-98 * 8.62 <0.13 0.0662 0.171 <0.004 355 <0.016 0.0167
8-5P 15-Sep-98 ** ** ** ** ** ** ** ** **
8-10P 15-Sep-98 * 2.82 <0.13 0.160 0.0968 <0.004 117 <0.016 <0.011
7-10P 15-Sep-98 ** ** ** ** ** ** ** ** **
6-10P 15-Sep-98 ** ** ** ** ** ** ** ** **
Blank 8-Oct-98 ** ** ** ** ** ** ** ** **
17-15P 8-Oct-98 * 0.0727 <0.13 0.196 0.0382 <0.004 138 <0.016 <0.011
17-10P 8-Oct-98 ** ** ** ** ** ** ** ** **
17-5P 8-Oct-98 * <0.042 <0.13 0.348 0.0609 <0.004 186 0.0602 <0.011
16-15P 8-Oct-98 ** ** ** ** ** ** ** ** **
16-10P 8-Oct-98 * 1.42 <0.13 0.351 0.189 <0.004 679 <0.016 0.0662
16-5P 8-Oct-98 ** ** ** ** ** ** ** ** **
16-Surf 8-Oct-98 * 0.0447 <0.13 0.246 0.0536 <0.004 61 <0.016 <0.011
16-Surf 8-Oct-98 ** ** ** ** ** ** ** ** **
Blank 23-Feb-99 * <0.042 <0.13 <0.04 <0.004 <0.004 <0.10 <0.016 <0.011
13-10P 23-Feb-99 ** ** ** ** ** ** ** ** **
13-15P 23-Feb-99 * 0.415 <0.13 0.106 0.0433 <0.004 275 <0.016 <0.011
13-5P 23-Feb-99 ** ** ** ** ** ** ** ** **
12-5P 23-Feb-99 * 0.0656 <0.13 0.116 0.0490 <0.004 118 <0.016 <0.011
12-10P 23-Feb-99 ** ** ** ** ** ** ** ** **
12-15P 23-Feb-99 * 0.473 <0.13 0.126 0.0404 <0.004 209 0.02 <0.011
16-5P 23-Feb-99 ** ** ** ** ** ** ** ** **
16-10P 23-Feb-99 * 1.13 <0.13 0.164 0.247 <0.004 636 <0.016 0.0524
16-15P 23-Feb-99 ** ** ** ** ** ** ** ** **
11-5P 23-Feb-99 * 13.7 <0.13 0.0750 0.264 <0.004 284 <0.016 <0.011
11-10P 23-Feb-99 ** ** ** ** ** ** ** ** **
14-15P 24-Feb-99 * 0.116 <0.13 0.106 0.0611 <0.004 209 <0.016 <0.011
14-10P 24-Feb-99 ** ** ** ** ** ** ** ** **
14-5P 24-Feb-99 * 0.207 <0.13 0.151 0.0339 <0.004 305 0.0585 <0.011
17-5P 24-Feb-99 ** ** ** ** ** ** ** ** **
17-10P 24-Feb-99 ** ** ** ** ** ** ** ** **
17-15P 24-Feb-99 ** ** ** ** ** ** ** ** **
15-5P 24-Feb-99 ** ** ** ** ** ** ** ** **
15-10P 24-Feb-99 ** ** ** ** ** ** ** ** **
15-15P 24-Feb-99 * 0.0899 <0.13 0.129 0.0394 <0.004 159 <0.016 <0.011
Blank 20-Jul-99 ** ** ** ** ** ** ** ** **
253
Table F-6. (continued)
Well Date Ag Al As B Ba Be Ca Cd Co
17-15P 20-Jul-99 * <0.044 <0.25 0.0469 0.0427 <0.003 131 <0.011 0.0067
9-10P 20-Jul-99 ** ** ** ** ** ** ** ** **
17-5P 20-Jul-99 * <0.044 <0.25 0.419 0.0693 <0.003 216 0.108 <0.007
16-15P 20-Jul-99 ** ** ** ** ** ** ** ** **
16-10P 20-Jul-99 * 2.53 <0.25 0.211 0.268 <0.003 601 0.0210 0.0377
16-5P 20-Jul-99 ** ** ** ** ** ** ** ** **
10-10P 20-Jul-99 * 1.34 <0.25 0.124 0.0780 <0.003 289 0.0146 <0.007
10-10P 20-Jul-99 ** ** ** ** ** ** ** ** **
10-5P 20-Jul-99 ** ** ** ** ** ** ** ** **
15-15P 20-Jul-99 ** ** ** ** ** ** ** ** **
15-10P 20-Jul-99 * <0.044 <0.25 0.122 0.0703 <0.003 207 <0.011 0.0127
15-5P 20-Jul-99 ** ** ** ** ** ** ** ** **
14-15P 20-Jul-99 * 0.461 <0.25 0.156 0.0751 <0.003 230 0.0131 <0.007
14-10P 20-Jul-99 ** ** ** ** ** ** ** ** **
14-5P 20-Jul-99 * 0.200 <0.25 0.368 0.0555 <0.003 437 0.0287 0.0116
11-10P 20-Jul-99 ** ** ** ** ** ** ** ** **
11-5P 20-Jul-99 * 0.424 <0.25 0.122 0.111 <0.003 260 0.0114 <0.007
12-15P 20-Jul-99 ** ** ** ** ** ** ** ** **
12-10P 20-Jul-99 * <0.044 <0.25 0.234 0.0646 <0.003 178 <0.011 <0.007
12-5P 20-Jul-99 ** ** ** ** ** ** ** ** **
13-15P 20-Jul-99 * 0.268 <0.25 0.138 0.0340 <0.003 263 <0.011 <0.007
13-10P 20-Jul-99 ** ** ** ** ** ** ** ** **
13-5P 20-Jul-99 ** ** ** ** ** ** ** ** **
17-10P 20-Jul-99 ** ** ** ** ** ** ** ** **
9-5P 20-Jul-99 ** ** ** ** ** ** ** ** **
5-10P 20-Jul-99 ** ** ** ** ** ** ** ** **
5-5P 20-Jul-99 * 5.49 <0.25 0.182 0.144 <0.003 224 0.0119 0.0111
18-15P 20-Jul-99 ** ** ** ** ** ** ** ** **
18-15P 20-Jul-99 * 1.38 <0.25 0.125 0.171 <0.003 391 <0.011 0.0094
6-5P 21-Jul-99 ** ** ** ** ** ** ** ** **
6-10P 21-Jul-99 * 0.673 <0.25 0.228 0.0558 <0.003 126 <0.011 <0.007
7-10P 21-Jul-99 ** ** ** ** ** ** ** ** **
7-5P 21-Jul-99 * 0.627 <0.25 0.228 0.0825 <0.003 163 <0.011 <0.007
8-10P 21-Jul-99 ** ** ** ** ** ** ** ** **
8-10P 21-Jul-99 * 3.47 <0.25 0.222 0.0874 <0.003 118 0.0120 <0.007
8-5P 21-Jul-99 ** ** ** ** ** ** ** ** **
4-15P 21-Jul-99 * 1.34 <0.25 0.307 0.128 <0.003 280 <0.011 <0.007
3-15P 21-Jul-99 ** ** ** ** ** ** ** ** **
2-15P 21-Jul-99 * 0.351 <0.25 0.257 0.0933 <0.003 261 0.0134 <0.007
1-15P 21-Jul-99 ** ** ** ** ** ** ** ** **
17-15P 1-Dec-99 * <0.044 <0.25 0.29 0.0521 <0.003 172 <0.011 0.0085
17-5P 1-Dec-99 ** ** ** ** ** ** ** ** **
17-10P 1-Dec-99 ** ** ** ** ** ** ** ** **
9-5P 1-Dec-99 ** ** ** ** ** ** ** ** **
9-10P 1-Dec-99 * 0.0453 <0.25 0.17 0.0560 <0.003 254 <0.011 0.0195
9-10P 1-Dec-99 ** ** ** ** ** ** ** ** **
16-5P 1-Dec-99 * <0.044 <0.25 0.25 0.104 <0.003 119 0.0125 <0.007
16-15P 1-Dec-99 ** ** ** ** ** ** ** ** **
16-10P 1-Dec-99 * 0.253 <0.25 0.35 0.133 <0.003 596 <0.011 0.0701
254
Table F-6.  (concluded).
Well Date Ag Al As B Ba Be Ca Cd Co
10-10P 1-Dec-99 ** ** ** ** ** ** ** ** **
10-5P 1-Dec-99 * 0.106 <0.25 0.147 0.0702 <0.003 302 <0.011 <0.007
13-15P 2-Dec-99 ** ** ** ** ** ** ** ** **
13-10P 2-Dec-99 * 1.08 <0.25 0.134 0.0502 <0.003 230 <0.011 <0.007
Blank 1-Dec-99 ** ** ** ** ** ** ** ** **
13-5P 2-Dec-99 * 0.0749 <0.25 0.403 0.0663 <0.003 202 0.0114 <0.007
12-5P 2-Dec-99 ** ** ** ** ** ** ** ** **
12-10P 2-Dec-99 * <0.044 <0.25 0.348 0.0686 <0.003 144 0.0197 <0.007
12-15P 2-Dec-99 ** ** ** ** ** ** ** ** **
12-15P 2-Dec-99 * 0.0762 <0.25 0.324 0.0357 <0.003 227 <0.011 <0.007
14-5P 2-Dec-99 ** ** ** ** ** ** ** ** **
14-10P 2-Dec-99 * 1.18 <0.25 0.331 0.0814 <0.003 150 0.0132 0.0074
14-15P 2-Dec-99 ** ** ** ** ** ** ** ** **
15-5P 2-Dec-99 * <0.044 <0.25 0.405 0.0333 <0.003 177 0.0291 0.0100
Blank 2-Dec-99 ** ** ** ** ** ** ** ** **
5-5P 8-Dec-99 * 0.428 <0.25 0.339 0.0486 <0.003 191 <0.011 <0.007
5-10P 8-Dec-99 ** ** ** ** ** ** ** ** **
15-10P 2-Dec-99 * <0.044 <0.25 0.389 0.0443 <0.003 174 <0.011 <0.007
15-15P 2-Dec-99 ** ** ** ** ** ** ** ** **
15-Srf 2-Dec-99 ** ** ** ** ** ** ** ** **
11-5P 2-Dec-99 ** ** ** ** ** ** ** ** **
11-10P 2-Dec-99 ** ** ** ** ** ** ** ** **
6-5P 8-Dec-99 ** ** ** ** ** ** ** ** **
6-10P 8-Dec-99 * <0.044 <0.25 0.0764 0.0536 <0.003 125 <0.011 0.0086
6-10P 8-Dec-99 ** ** ** ** ** ** ** ** **
8-5P 8-Dec-99 * <0.044 <0.25 0.127 0.0542 <0.003 129 <0.011 0.0074
8-10P 8-Dec-99 ** ** ** ** ** ** ** ** **
4-15P 8-Dec-99 * 0.213 <0.25 0.259 0.126 0.0057 289 <0.011 0.0125
3-15P 8-Dec-99 ** ** ** ** ** ** ** ** **
2-15P 8-Dec-99 * <0.044 <0.25 0.191 0.0897 0.0068 278 <0.011 0.0109
1-15P 8-Dec-99 ** ** ** ** ** ** ** ** **
18-15P 8-Dec-99 * 0.267 <0.25 0.0884 0.132 0.0068 324 <0.011 0.0204
18-15P 8-Dec-99 ** ** ** ** ** ** ** ** **
Notes: * No measurement.
           ** No sample.
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Table F-7. Concentrations of Cr, Cu, Fe, K, Li, Mg, Mn, Mo, and Na in unfiltered ground-water samples from the
DePue site. Results in mg/L.
Well Date Cr Cu Fe K Li Mg Mn Mo Na
13-15P 1-Oct-97 <0.025 <0.010 0.258 <3.79 <0.034 80.0 1.49 <0.041 23.9
13-10P 1-Oct-97 ** ** ** ** ** ** ** ** **
12-10P 1-Oct-97 ** ** ** ** ** ** ** ** **
12-10P 1-Oct-97 ** ** ** ** ** ** ** ** **
12-15P 1-Oct-97 ** ** ** ** ** ** ** ** **
15-10P 2-Oct-97 ** ** ** ** ** ** ** ** **
Blank 2-Oct-97 ** ** ** ** ** ** ** ** **
15-15P 2-Oct-97 ** ** ** ** ** ** ** ** **
15-15P 2-Oct-97 ** ** ** ** ** ** ** ** **
14-15P 2-Oct-97 ** ** ** ** ** ** ** ** **
14-10P 2-Oct-97 ** ** ** ** ** ** ** ** **
17-15P 3-Oct-97 ** ** ** ** ** ** ** ** **
16-15P 3-Oct-97 ** ** ** ** ** ** ** ** **
16-15P 15-Oct-97 ** ** ** ** ** ** ** ** **
Blank 15-Oct-97 ** ** ** ** ** ** ** ** **
16-10P 15-Oct-97 ** ** ** ** ** ** ** ** **
16-10P 15-Oct-97 ** ** ** ** ** ** ** ** **
16-5P 15-Oct-97 ** ** ** ** ** ** ** ** **
16-Srf 15-Oct-97 ** ** ** ** ** ** ** ** **
14-15P 16-Oct-97 ** ** ** ** ** ** ** ** **
14-10P 16-Oct-97 ** ** ** ** ** ** ** ** **
14-5P 16-Oct-97 ** ** ** ** ** ** ** ** **
14-Srf 16-Oct-97 ** ** ** ** ** ** ** ** **
12-15P 16-Oct-97 ** ** ** ** ** ** ** ** **
12-10P 16-Oct-97 <0.025 <0.010 1.25 4.44 <0.034 64.1 3.96 <0.041 21.7
14-15P 16-Oct-97 <0.025 <0.010 0.513 4.30 <0.034 72.9 2.06 <0.041 23.3
Blank 16-Oct-97 ** ** ** ** ** ** ** ** **
12-5P 16-Oct-97 ** ** ** ** ** ** ** ** **
12-Srf 16-Oct-97 ** ** ** ** ** ** ** ** **
Blank 27-Jul-98 ** ** ** ** ** ** ** ** **
17-15P 28-Jul-98 <0.009 <0.005 0.165 <4.69 <0.012 41.9 4.60 <0.023 33.7
17-5P 28-Jul-98 ** ** ** ** ** ** ** ** **
16-10P 28-Jul-98 <0.009 0.0091 105 7.48 0.0210 221 17.5 <0.023 81.6
16-5P 28-Jul-98 ** ** ** ** ** ** ** ** **
15-15P 28-Jul-98 <0.009 <0.005 0.539 <4.69 0.0295 56.7 4.54 <0.023 31.7
15-10P 28-Jul-98 ** ** ** ** ** ** ** ** **
15-5P 28-Jul-98 <0.009 0.0171 0.0446 <4.69 0.0380 50.3 1.44 <0.023 87.6
14-15P 28-Jul-98 ** ** ** ** ** ** ** ** **
14-10P 28-Jul-98 <0.009 <0.005 0.546 5.81 0.0432 62.4 3.02 <0.023 21.3
14-5P 29-Jul-98 ** ** ** ** ** ** ** ** **
17-10P 29-Jul-98 ** ** ** ** ** ** ** ** **
16-15P 29-Jul-98 ** ** ** ** ** ** ** ** **
13-15P 29-Jul-98 <0.009 <0.005 0.224 7.16 <0.012 78.4 1.62 <0.023 23.6
13-10P 29-Jul-98 ** ** ** ** ** ** ** ** **
Blank 30-Jul-98 <0.009 <0.005 0.0192 <4.69 <0.012 <0.06 <0.003 <0.023 <0.10
12-15P 29-Jul-98 ** ** ** ** ** ** ** ** **
12-15P 29-Jul-98 <0.009 0.0077 0.371 <4.69 0.0306 78.6 2.01 <0.023 28.8
12-10P 29-Jul-98 ** ** ** ** ** ** ** ** **
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Table F-7. (continued)
Well Date Cr Cu Fe K Li Mg Mn Mo Na
12-5P 29-Jul-98 ** ** ** ** ** ** ** ** **
1-15P 15-Sep-98 ** ** ** ** ** ** ** ** **
2-15P 15-Sep-98 <0.009 <0.005 1.46 <4.69 0.0177 54.8 5.12 <0.023 19.8
3-15P 15-Sep-98 ** ** ** ** ** ** ** ** **
3-15P 15-Sep-98 <0.009 <0.005 1.01 <4.69 0.0229 49.3 3.28 <0.023 20.1
4-15P 15-Sep-98 ** ** ** ** ** ** ** ** **
8-15P 15-Sep-98 0.0154 0.0192 14.6 <4.69 0.0213 76.9 7.91 <0.023 24.9
5-10P 15-Sep-98 ** ** ** ** ** ** ** ** **
5-5P 15-Sep-98 <0.009 <0.005 3.80 <4.69 <0.012 53.4 4.78 <0.023 32.9
11-10P 15-Sep-98 0.0096 0.0134 0.097 <4.69 0.0120 69.8 0.983 <0.023 38.1
10-5P 15-Sep-98 ** ** ** ** ** ** ** ** **
10-10P 15-Sep-98 <0.009 <0.005 5.83 <4.69 0.0130 99.9 5.29 <0.023 27.4
9-5P 15-Sep-98 ** ** ** ** ** ** ** ** **
9-10P 15-Sep-98 <0.009 0.0342 20.9 <4.69 0.0174 145 4.69 <0.023 34.2
8-5P 15-Sep-98 ** ** ** ** ** ** ** ** **
8-10P 15-Sep-98 <0.009 0.0110 5.27 <4.69 0.0127 33.9 2.91 <0.023 55.4
7-10P 15-Sep-98 ** ** ** ** ** ** ** ** **
6-10P 15-Sep-98 ** ** ** ** ** ** ** ** **
Blank 8-Oct-98 ** ** ** ** ** ** ** ** **
17-15P 8-Oct-98 <0.009 <0.005 0.372 <4.69 0.0286 41.4 5.06 <0.023 36.5
17-10P 8-Oct-98 ** ** ** ** ** ** ** ** **
17-5P 8-Oct-98 <0.009 0.0132 <0.009 5.96 <0.012 35.1 0.0084 <0.023 60.3
16-15P 8-Oct-98 ** ** ** ** ** ** ** ** **
16-10P 8-Oct-98 <0.009 0.0076 108 7.30 <0.012 234 17.5 <0.023 56.5
16-5P 8-Oct-98 ** ** ** ** ** ** ** ** **
16-Surf 8-Oct-98 <0.009 0.0058 0.0418 33.8 <0.012 24.7 0.0156 <0.023 52.2
16-Surf 8-Oct-98 ** ** ** ** ** ** ** ** **
Blank 23-Feb-99 <0.009 <0.005 <0.009 <4.69 <0.012 <0.06 <0.003 <0.023 <0.10
13-10P 23-Feb-99 ** ** ** ** ** ** ** ** **
13-15P 23-Feb-99 <0.009 <0.005 0.601 <4.69 0.0173 69.7 1.11 <0.023 28.2
13-5P 23-Feb-99 ** ** ** ** ** ** ** ** **
12-5P 23-Feb-99 <0.009 0.0165 0.111 <4.69 <0.012 25.2 0.295 <0.023 40.7
12-10P 23-Feb-99 ** ** ** ** ** ** ** ** **
12-15P 23-Feb-99 <0.009 <0.005 0.578 <4.69 <0.012 69.4 0.473 <0.023 30.5
16-5P 23-Feb-99 ** ** ** ** ** ** ** ** **
16-10P 23-Feb-99 <0.009 <0.005 110 <4.69 <0.012 223 16.5 <0.023 65.6
16-15P 23-Feb-99 ** ** ** ** ** ** ** ** **
11-5P 23-Feb-99 0.0483 0.0566 16.4 8.12 <0.012 92.7 8.80 <0.023 39.5
11-10P 23-Feb-99 ** ** ** ** ** ** ** ** **
14-15P 24-Feb-99 <0.009 <0.005 0.156 <4.69 <0.012 66.5 1.62 <0.023 25.6
14-10P 24-Feb-99 ** ** ** ** ** ** ** ** **
14-5P 24-Feb-99 <0.009 0.0100 1.10 6.25 <0.012 71.5 2.45 <0.023 32.5
17-5P 24-Feb-99 ** ** ** ** ** ** ** ** **
17-10P 24-Feb-99 ** ** ** ** ** ** ** ** **
17-15P 24-Feb-99 ** ** ** ** ** ** ** ** **
15-5P 24-Feb-99 ** ** ** ** ** ** ** ** **
15-10P 24-Feb-99 ** ** ** ** ** ** ** ** **
15-15P 24-Feb-99 <0.009 <0.005 0.575 <4.69 <0.012 51.6 4.40 <0.023 29.8
Blank 20-Jul-99 ** ** ** ** ** ** ** ** **
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Table F-7. (continued)
Well Date Cr Cu Fe K Li Mg Mn Mo Na
17-15P 20-Jul-99 <0.005 <0.009 0.229 <3.39 <0.028 43.1 6.74 <0.025 39.8
9-10P 20-Jul-99 ** ** ** ** ** ** ** ** **
17-5P 20-Jul-99 <0.005 0.0132 0.0773 <3.39 <0.028 44.5 0.805 <0.025 41.2
16-15P 20-Jul-99 ** ** ** ** ** ** ** ** **
16-10P 20-Jul-99 <0.005 0.0122 92.6 <3.39 <0.028 224 14.1 <0.025 62.6
16-5P 20-Jul-99 ** ** ** ** ** ** ** ** **
10-10P 20-Jul-99 0.0062 <0.009 7.56 <3.39 <0.028 102 5.41 <0.025 27.6
10-10P 20-Jul-99 ** ** ** ** ** ** ** ** **
10-5P 20-Jul-99 ** ** ** ** ** ** ** ** **
15-15P 20-Jul-99 ** ** ** ** ** ** ** ** **
15-10P 20-Jul-99 0.0089 <0.009 4.03 <3.39 <0.028 63.3 7.54 <0.025 34.6
15-5P 20-Jul-99 ** ** ** ** ** ** ** ** **
14-15P 20-Jul-99 <0.005 <0.009 0.839 <3.39 <0.028 72.4 1.89 <0.025 29.4
14-10P 20-Jul-99 ** ** ** ** ** ** ** ** **
14-5P 20-Jul-99 <0.005 <0.009 2.56 <3.39 <0.028 96.7 6.78 <0.025 49.0
11-10P 20-Jul-99 ** ** ** ** ** ** ** ** **
11-5P 20-Jul-99 <0.005 <0.009 0.638 <3.39 <0.028 77.6 3.06 <0.025 30.7
12-15P 20-Jul-99 ** ** ** ** ** ** ** ** **
12-10P 20-Jul-99 <0.005 <0.009 0.643 <3.39 <0.028 55.1 4.17 <0.025 26.9
12-5P 20-Jul-99 ** ** ** ** ** ** ** ** **
13-15P 20-Jul-99 <0.005 <0.009 0.497 <3.39 <0.028 68.7 1.17 <0.025 24.8
13-10P 20-Jul-99 ** ** ** ** ** ** ** ** **
13-5P 20-Jul-99 ** ** ** ** ** ** ** ** **
17-10P 20-Jul-99 ** ** ** ** ** ** ** ** **
9-5P 20-Jul-99 ** ** ** ** ** ** ** ** **
5-10P 20-Jul-99 ** ** ** ** ** ** ** ** **
5-5P 20-Jul-99 0.0139 0.0181 6.79 <3.39 0.03 62.1 8.10 <0.025 45.5
18-15P 20-Jul-99 ** ** ** ** ** ** ** ** **
18-15P 20-Jul-99 0.0076 <0.009 17.7 <3.39 <0.028 101 11.1 <0.025 33.3
6-5P 21-Jul-99 ** ** ** ** ** ** ** ** **
6-10P 21-Jul-99 <0.005 <0.009 1.48 <3.39 0.0355 25.0 1.66 <0.025 49.8
7-10P 21-Jul-99 ** ** ** ** ** ** ** ** **
7-5P 21-Jul-99 <0.005 <0.009 1.38 <3.39 0.0304 34.8 1.27 <0.025 51.0
8-10P 21-Jul-99 ** ** ** ** ** ** ** ** **
8-10P 21-Jul-99 <0.005 <0.009 5.19 <3.39 <0.028 34.8 1.09 <0.025 39.1
8-5P 21-Jul-99 ** ** ** ** ** ** ** ** **
4-15P 21-Jul-99 0.0094 <0.009 2.81 <3.39 0.0289 51.2 6.23 <0.025 31.9
3-15P 21-Jul-99 ** ** ** ** ** ** ** ** **
2-15P 21-Jul-99 <0.005 <0.009 0.917 <3.39 <0.028 51.5 4.80 <0.025 18.4
1-15P 21-Jul-99 ** ** ** ** ** ** ** ** **
17-15P 1-Dec-99 <0.005 <0.009 0.243 <3.39 <0.028 55.9 6.52 <0.025 46.8
17-5P 1-Dec-99 ** ** ** ** ** ** ** ** **
17-10P 1-Dec-99 ** ** ** ** ** ** ** ** **
9-5P 1-Dec-99 ** ** ** ** ** ** ** ** **
9-10P 1-Dec-99 <0.005 <0.009 7.22 <3.39 <0.028 105 3.04 <0.025 29.2
9-10P 1-Dec-99 ** ** ** ** ** ** ** ** **
16-5P 1-Dec-99 0.0077 <0.009 0.0305 <3.39 <0.028 24.4 0.148 <0.025 67.5
16-15P 1-Dec-99 ** ** ** ** ** ** ** ** **
16-10P 1-Dec-99 <0.005 <0.009 88.4 5.45 <0.028 189 16.5 <0.025 76.1
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Table F-7. (concluded)
Well Date Cr Cu Fe K Li Mg Mn Mo Na
10-10P 1-Dec-99 ** ** ** ** ** ** ** ** **
10-5P 1-Dec-99 0.0074 <0.009 0.508 4.09 <0.028 94.5 2.37 <0.025 34.8
13-15P 2-Dec-99 ** ** ** ** ** ** ** ** **
13-10P 2-Dec-99 0.0060 <0.009 1.53 <3.39 <0.028 57.6 1.35 <0.025 31.2
Blank 1-Dec-99 ** ** ** ** ** ** ** ** **
13-5P 2-Dec-99 0.0101 <0.009 0.113 <3.39 <0.028 46.1 0.201 <0.025 40.0
12-5P 2-Dec-99 ** ** ** ** ** ** ** ** **
12-10P 2-Dec-99 <0.005 <0.009 0.0638 7.00 <0.028 45.1 1.88 <0.025 41.0
12-15P 2-Dec-99 ** ** ** ** ** ** ** ** **
12-15P 2-Dec-99 <0.005 <0.009 0.306 <3.39 <0.028 74.3 1.67 <0.025 24.4
14-5P 2-Dec-99 ** ** ** ** ** ** ** ** **
14-10P 2-Dec-99 0.0075 0.0100 2.26 4.11 <0.028 48.9 0.926 <0.025 54.5
14-15P 2-Dec-99 ** ** ** ** ** ** ** ** **
15-5P 2-Dec-99 0.0054 <0.009 0.0233 4.68 <0.028 33.7 0.265 <0.025 42.8
Blank 2-Dec-99 ** ** ** ** ** ** ** ** **
5-5P 8-Dec-99 0.0053 <0.009 0.595 <3.39 <0.028 49.9 0.231 <0.025 26.7
5-10P 8-Dec-99 ** ** ** ** ** ** ** ** **
15-10P 2-Dec-99 0.0134 0.0138 0.668 5.56 <0.028 36.0 1.54 <0.025 39.9
15-15P 2-Dec-99 ** ** ** ** ** ** ** ** **
15-Srf 2-Dec-99 ** ** ** ** ** ** ** ** **
11-5P 2-Dec-99 ** ** ** ** ** ** ** ** **
11-10P 2-Dec-99 ** ** ** ** ** ** ** ** **
6-5P 8-Dec-99 ** ** ** ** ** ** ** ** **
6-10P 8-Dec-99 0.0066 <0.009 0.950 <3.39 <0.028 24.9 1.28 <0.025 43.8
6-10P 8-Dec-99 ** ** ** ** ** ** ** ** **
8-5P 8-Dec-99 0.0073 <0.009 0.310 3.55 <0.028 34.6 0.0872 <0.025 38.1
8-10P 8-Dec-99 ** ** ** ** ** ** ** ** **
4-15P 8-Dec-99 0.0095 <0.009 1.72 <3.39 0.0832 53.0 5.67 <0.025 37.9
3-15P 8-Dec-99 ** ** ** ** ** ** ** ** **
2-15P 8-Dec-99 0.0105 <0.009 1.09 5.03 0.0766 53.8 3.29 <0.025 16.8
1-15P 8-Dec-99 ** ** ** ** ** ** ** ** **
18-15P 8-Dec-99 0.0098 <0.009 10.8 4.61 0.0810 82.5 8.80 <0.025 24.4
18-15P 8-Dec-99 ** ** ** ** ** ** ** ** **
Note:  ** No sample.
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Table F-8. Concentrations of Ni, P, Pb, S, Sb, Se, Si, Sn, and Sr in unfiltered ground-water samples from the DePue
site. Results in mg/L.
Well Date Ni P Pb S Sb Se Si Sn Sr
13-15P 1-Oct-97 <0.039 <0.25 <0.10 174 <0.29 <0.31 7.55 <0.091 0.386
13-10P 1-Oct-97 ** ** ** ** ** ** ** ** **
12-10P 1-Oct-97 ** ** ** ** ** ** ** ** **
12-10P 1-Oct-97 ** ** ** ** ** ** ** ** **
12-15P 1-Oct-97 ** ** ** ** ** ** ** ** **
15-10P 2-Oct-97 ** ** ** ** ** ** ** ** **
Blank 2-Oct-97 ** ** ** ** ** ** ** ** **
15-15P 2-Oct-97 ** ** ** ** ** ** ** ** **
15-15P 2-Oct-97 ** ** ** ** ** ** ** ** **
14-15P 2-Oct-97 ** ** ** ** ** ** ** ** **
14-10P 2-Oct-97 ** ** ** ** ** ** ** ** **
17-15P 3-Oct-97 ** ** ** ** ** ** ** ** **
16-15P 3-Oct-97 ** ** ** ** ** ** ** ** **
16-15P 15-Oct-97 ** ** ** ** ** ** ** ** **
Blank 15-Oct-97 ** ** ** ** ** ** ** ** **
16-10P 15-Oct-97 ** ** ** ** ** ** ** ** **
16-10P 15-Oct-97 ** ** ** ** ** ** ** ** **
16-5P 15-Oct-97 ** ** ** ** ** ** ** ** **
16-Srf 15-Oct-97 ** ** ** ** ** ** ** ** **
14-15P 16-Oct-97 ** ** ** ** ** ** ** ** **
14-10P 16-Oct-97 ** ** ** ** ** ** ** ** **
14-5P 16-Oct-97 ** ** ** ** ** ** ** ** **
14-Srf 16-Oct-97 ** ** ** ** ** ** ** ** **
12-15P 16-Oct-97 ** ** ** ** ** ** ** ** **
12-10P 16-Oct-97 <0.039 <0.25 <0.10 98.2 <0.29 <0.31 9.34 <0.091 0.316
14-15P 16-Oct-97 <0.039 <0.25 <0.10 149 <0.29 <0.31 7.21 <0.091 0.266
Blank 16-Oct-97 ** ** ** ** ** ** ** ** **
12-5P 16-Oct-97 ** ** ** ** ** ** ** ** **
12-Srf 16-Oct-97 ** ** ** ** ** ** ** ** **
Blank 27-Jul-98 ** ** ** ** ** ** ** ** **
17-15P 28-Jul-98 <0.024 <0.33 <0.075 50.8 <0.37 <0.27 7.01 <0.07 0.201
17-5P 28-Jul-98 ** ** ** ** ** ** ** ** **
16-10P 28-Jul-98 0.0617 2.07 <0.075 599 <0.37 <0.27 19.8 <0.07 1.30
16-5P 28-Jul-98 ** ** ** ** ** ** ** ** **
15-15P 28-Jul-98 <0.024 <0.33 <0.075 89.6 <0.37 <0.27 8.07 <0.07 0.240
15-10P 28-Jul-98 ** ** ** ** ** ** ** ** **
15-5P 28-Jul-98 <0.024 <0.33 <0.075 214 <0.37 <0.27 10.3 <0.07 0.499
14-15P 28-Jul-98 ** ** ** ** ** ** ** ** **
14-10P 28-Jul-98 <0.024 <0.33 <0.075 112 <0.37 <0.27 6.76 <0.07 0.235
14-5P 29-Jul-98 ** ** ** ** ** ** ** ** **
17-10P 29-Jul-98 ** ** ** ** ** ** ** ** **
16-15P 29-Jul-98 ** ** ** ** ** ** ** ** **
13-15P 29-Jul-98 <0.024 <0.33 <0.075 157 <0.37 <0.27 6.97 <0.07 0.367
13-10P 29-Jul-98 ** ** ** ** ** ** ** ** **
Blank 30-Jul-98 <0.024 <0.33 <0.075 <0.33 <0.37 <0.27 <0.040 <0.07 <0.006
12-15P 29-Jul-98 ** ** ** ** ** ** ** ** **
12-15P 29-Jul-98 <0.024 <0.33 <0.075 155 <0.37 <0.27 8.16 <0.07 0.352
12-10P 29-Jul-98 ** ** ** ** ** ** ** ** **
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Table F-8. (continued)
Well Date Ni P Pb S Sb Se Si Sn Sr
12-5P 29-Jul-98 ** ** ** ** ** ** ** ** **
1-15P 15-Sep-98 ** ** ** ** ** ** ** ** **
2-15P 15-Sep-98 <0.024 <0.33 <0.075 119 <0.37 <0.27 11.9 <0.07 0.461
3-15P 15-Sep-98 ** ** ** ** ** ** ** ** **
3-15P 15-Sep-98 <0.024 <0.33 <0.075 79.8 <0.37 <0.27 10.3 0.07 0.369
4-15P 15-Sep-98 ** ** ** ** ** ** ** ** **
8-15P 15-Sep-98 <0.024 0.49 <0.075 108 <0.37 <0.27 22.9 <0.07 0.443
5-10P 15-Sep-98 ** ** ** ** ** ** ** ** **
5-5P 15-Sep-98 <0.024 <0.33 <0.075 77.9 <0.37 <0.27 9.27 <0.07 0.266
11-10P 15-Sep-98 <0.024 <0.33 <0.075 131 <0.37 <0.27 7.41 <0.07 0.306
10-5P 15-Sep-98 ** ** ** ** ** ** ** ** **
10-10P 15-Sep-98 <0.024 <0.33 <0.075 161 <0.37 <0.27 9.51 <0.07 0.415
9-5P 15-Sep-98 ** ** ** ** ** ** ** ** **
9-10P 15-Sep-98 0.0560 0.39 <0.075 212 <0.37 <0.27 22.9 <0.07 0.522
8-5P 15-Sep-98 ** ** ** ** ** ** ** ** **
8-10P 15-Sep-98 <0.024 <0.33 <0.075 41.1 <0.37 <0.27 12.6 <0.07 0.188
7-10P 15-Sep-98 ** ** ** ** ** ** ** ** **
6-10P 15-Sep-98 ** ** ** ** ** ** ** ** **
Blank 8-Oct-98 ** ** ** ** ** ** ** ** **
17-15P 8-Oct-98 <0.024 <0.33 <0.075 47.1 <0.37 <0.27 7.88 <0.07 0.220
17-10P 8-Oct-98 ** ** ** ** ** ** ** ** **
17-5P 8-Oct-98 <0.024 <0.33 <0.075 132 <0.37 <0.27 9.28 <0.07 0.403
16-15P 8-Oct-98 ** ** ** ** ** ** ** ** **
16-10P 8-Oct-98 <0.024 2.85 <0.075 604 <0.37 <0.27 19.2 <0.07 1.33
16-5P 8-Oct-98 ** ** ** ** ** ** ** ** **
16-Surf 8-Oct-98 <0.024 3.05 <0.075 29.0 <0.37 <0.27 2.90 0.07 0.197
16-Surf 8-Oct-98 ** ** ** ** ** ** ** ** **
Blank 23-Feb-99 <0.024 <0.33 <0.075 <0.33 <0.37 <0.27 0.122 <0.07 <0.006
13-10P 23-Feb-99 ** ** ** ** ** ** ** ** **
13-15P 23-Feb-99 <0.024 <0.33 <0.075 160 <0.37 <0.27 7.81 <0.07 0.361
13-5P 23-Feb-99 ** ** ** ** ** ** ** ** **
12-5P 23-Feb-99 <0.024 0.55 <0.075 47.3 <0.37 <0.27 7.13 <0.07 0.277
12-10P 23-Feb-99 ** ** ** ** ** ** ** ** **
12-15P 23-Feb-99 <0.024 <0.33 <0.075 134 <0.37 <0.27 7.18 <0.07 0.312
16-5P 23-Feb-99 ** ** ** ** ** ** ** ** **
16-10P 23-Feb-99 <0.024 3.43 <0.075 488 <0.37 <0.27 15.6 <0.07 1.42
16-15P 23-Feb-99 ** ** ** ** ** ** ** ** **
11-5P 23-Feb-99 0.04 0.774 0.0814 122 <0.37 <0.27 36.0 <0.07 0.346
11-10P 23-Feb-99 ** ** ** ** ** ** ** ** **
14-15P 24-Feb-99 <0.024 <0.33 <0.075 109 <0.37 <0.27 6.26 <0.07 0.251
14-10P 24-Feb-99 ** ** ** ** ** ** ** ** **
14-5P 24-Feb-99 <0.024 <0.33 <0.075 281 <0.37 <0.27 4.70 <0.07 0.527
17-5P 24-Feb-99 ** ** ** ** ** ** ** ** **
17-10P 24-Feb-99 ** ** ** ** ** ** ** ** **
17-15P 24-Feb-99 ** ** ** ** ** ** ** ** **
15-5P 24-Feb-99 ** ** ** ** ** ** ** ** **
15-10P 24-Feb-99 ** ** ** ** ** ** ** ** **
15-15P 24-Feb-99 0.0322 <0.33 <0.075 69.7 <0.37 <0.27 6.82 <0.07 0.239
Blank 20-Jul-99 ** ** ** ** ** ** ** ** **
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Table F-8. (continued)
Well Date Ni P Pb S Sb Se Si Sn Sr
17-15P 20-Jul-99 <0.024 <0.33 <0.063 49.3 <0.17 <0.24 7.10 <0.11 0.225
9-10P 20-Jul-99 ** ** ** ** ** ** ** ** **
17-5P 20-Jul-99 <0.024 0.555 <0.063 127 <0.17 <0.24 11.6 <0.11 0.502
16-15P 20-Jul-99 ** ** ** ** ** ** ** ** **
16-10P 20-Jul-99 0.0412 3.42 <0.063 449 0.176 <0.24 19.5 <0.11 1.29
16-5P 20-Jul-99 ** ** ** ** ** ** ** ** **
10-10P 20-Jul-99 <0.024 <0.33 <0.063 158 <0.17 <0.24 12.6 <0.11 0.423
10-10P 20-Jul-99 ** ** ** ** ** ** ** ** **
10-5P 20-Jul-99 ** ** ** ** ** ** ** ** **
15-15P 20-Jul-99 ** ** ** ** ** ** ** ** **
15-10P 20-Jul-99 <0.024 <0.33 <0.063 76.9 <0.17 <0.24 9.15 <0.11 0.292
15-5P 20-Jul-99 ** ** ** ** ** ** ** ** **
14-15P 20-Jul-99 <0.024 <0.33 <0.063 134 <0.17 <0.24 7.65 <0.11 0.290
14-10P 20-Jul-99 ** ** ** ** ** ** ** ** **
14-5P 20-Jul-99 0.0413 0.435 <0.063 381 <0.17 <0.24 9.51 <0.11 0.778
11-10P 20-Jul-99 ** ** ** ** ** ** ** ** **
11-5P 20-Jul-99 <0.024 0.393 <0.063 127 <0.17 <0.24 11.2 <0.11 0.314
12-15P 20-Jul-99 ** ** ** ** ** ** ** ** **
12-10P 20-Jul-99 <0.024 <0.33 <0.063 82.4 <0.17 <0.24 7.14 <0.11 0.304
12-5P 20-Jul-99 ** ** ** ** ** ** ** ** **
13-15P 20-Jul-99 <0.024 <0.33 <0.063 140 <0.17 <0.24 6.92 <0.11 0.336
13-10P 20-Jul-99 ** ** ** ** ** ** ** ** **
13-5P 20-Jul-99 ** ** ** ** ** ** ** ** **
17-10P 20-Jul-99 ** ** ** ** ** ** ** ** **
9-5P 20-Jul-99 ** ** ** ** ** ** ** ** **
5-10P 20-Jul-99 ** ** ** ** ** ** ** ** **
5-5P 20-Jul-99 <0.024 0.686 <0.063 87.0 <0.17 <0.24 22.5 <0.11 0.378
18-15P 20-Jul-99 ** ** ** ** ** ** ** ** **
18-15P 20-Jul-99 0.0292 <0.33 <0.063 152 <0.17 <0.24 18.5 <0.11 0.591
6-5P 21-Jul-99 ** ** ** ** ** ** ** ** **
6-10P 21-Jul-99 <0.024 <0.33 <0.063 31.0 <0.17 <0.24 8.07 <0.11 0.180
7-10P 21-Jul-99 ** ** ** ** ** ** ** ** **
7-5P 21-Jul-99 <0.024 0.43 <0.063 46.6 <0.17 <0.24 10.6 <0.11 0.274
8-10P 21-Jul-99 ** ** ** ** ** ** ** ** **
8-10P 21-Jul-99 <0.024 0.33 <0.063 34.1 <0.17 <0.24 14.1 <0.11 0.173
8-5P 21-Jul-99 ** ** ** ** ** ** ** ** **
4-15P 21-Jul-99 <0.024 <0.33 <0.063 103 <0.17 <0.24 12.4 <0.11 0.412
3-15P 21-Jul-99 ** ** ** ** ** ** ** ** **
2-15P 21-Jul-99 <0.024 <0.33 <0.063 106 <0.17 <0.24 12.1 <0.11 0.433
1-15P 21-Jul-99 ** ** ** ** ** ** ** ** **
17-15P 1-Dec-99 0.0400 <0.33 <0.063 83.0 <0.17 <0.24 8.30 <0.11 0.291
17-5P 1-Dec-99 ** ** ** ** ** ** ** ** **
17-10P 1-Dec-99 ** ** ** ** ** ** ** ** **
9-5P 1-Dec-99 ** ** ** ** ** ** ** ** **
9-10P 1-Dec-99 * <0.33 <0.063 164 <0.17 <0.24 9.10 <0.11 0.385
9-10P 1-Dec-99 ** ** ** ** ** ** ** ** **
16-5P 1-Dec-99 * <0.33 <0.063 36.5 <0.17 <0.24 5.56 <0.11 0.262
16-15P 1-Dec-99 ** ** ** ** ** ** ** ** **
16-10P 1-Dec-99 * 2.10 <0.063 516 <0.17 <0.24 14.6 <0.11 1.20
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Table F-8. (concluded)
Well Date Ni P Pb S Sb Se Si Sn Sr
10-10P 1-Dec-99 ** ** ** ** ** ** ** ** **
10-5P 1-Dec-99 0.0420 0.700 <0.063 171 0.192 <0.24 8.03 <0.11 0.525
13-15P 2-Dec-99 ** ** ** ** ** ** ** ** **
13-10P 2-Dec-99 <0.024 <0.33 <0.063 98.3 <0.17 <0.24 10.1 <0.11 0.325
Blank 1-Dec-99 ** ** ** ** ** ** ** ** **
13-5P 2-Dec-99 <0.024 0.949 <0.063 101 0.191 <0.24 10.1 <0.11 0.453
12-5P 2-Dec-99 ** ** ** ** ** ** ** ** **
12-10P 2-Dec-99 <0.024 <0.33 <0.063 63.4 <0.17 <0.24 5.78 <0.11 0.291
12-15P 2-Dec-99 ** ** ** ** ** ** ** ** **
12-15P 2-Dec-99 * <0.33 <0.063 131 0.268 <0.24 7.46 <0.11 0.319
14-5P 2-Dec-99 ** ** ** ** ** ** ** ** **
14-10P 2-Dec-99 <0.024 <0.33 <0.063 78.4 <0.17 <0.24 6.72 <0.11 0.312
14-15P 2-Dec-99 ** ** ** ** ** ** ** ** **
15-5P 2-Dec-99 <0.024 <0.33 <0.063 113 <0.17 <0.24 6.93 <0.11 0.341
Blank 2-Dec-99 ** ** ** ** ** ** ** ** **
5-5P 8-Dec-99 <0.024 0.895 <0.063 83.0 <0.17 <0.24 8.74 <0.11 0.352
5-10P 8-Dec-99 ** ** ** ** ** ** ** ** **
15-10P 2-Dec-99 <0.024 0.405 <0.063 105 <0.17 <0.24 7.15 <0.11 0.341
15-15P 2-Dec-99 ** ** ** ** ** ** ** ** **
15-Srf 2-Dec-99 ** ** ** ** ** ** ** ** **
11-5P 2-Dec-99 ** ** ** ** ** ** ** ** **
11-10P 2-Dec-99 ** ** ** ** ** ** ** ** **
6-5P 8-Dec-99 ** ** ** ** ** ** ** ** **
6-10P 8-Dec-99 <0.024 <0.33 <0.063 32.2 0.295 <0.24 6.61 <0.11 0.168
6-10P 8-Dec-99 ** ** ** ** ** ** ** ** **
8-5P 8-Dec-99 <0.024 <0.33 <0.063 36.1 0.332 <0.24 7.23 <0.11 0.168
8-10P 8-Dec-99 ** ** ** ** ** ** ** ** **
4-15P 8-Dec-99 <0.024 <0.33 <0.063 92.7 0.487 <0.24 13.7 <0.11 0.433
3-15P 8-Dec-99 ** ** ** ** ** ** ** ** **
2-15P 8-Dec-99 <0.024 <0.33 <0.063 96.8 0.353 <0.24 14.5 <0.11 0.455
1-15P 8-Dec-99 ** ** ** ** ** ** ** ** **
18-15P 8-Dec-99 0.0290 <0.33 <0.063 121 0.221 <0.24 15.1 <0.11 0.485
18-15P 8-Dec-99 ** ** ** ** ** ** ** ** **
Notes: * No measurement.
           ** No sample.
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Table F-9. Concentrations of Ti, V, and Zn in unfiltered ground-water samples from the DePue site. Results in mg/L.
Well Date Ti V Zn
13-15P 1-Oct-97 0.0115 <0.017 <0.011
13-10P 1-Oct-97 ** ** **
12-10P 1-Oct-97 ** ** **
12-10P 1-Oct-97 ** ** **
12-15P 1-Oct-97 ** ** **
15-10P 2-Oct-97 ** ** **
Blank 2-Oct-97 ** ** **
15-15P 2-Oct-97 ** ** **
15-15P 2-Oct-97 ** ** **
14-15P 2-Oct-97 ** ** **
14-10P 2-Oct-97 ** ** **
17-15P 3-Oct-97 ** ** **
16-15P 3-Oct-97 ** ** **
16-15P 15-Oct-97 ** ** **
Blank 15-Oct-97 ** ** **
16-10P 15-Oct-97 ** ** **
16-10P 15-Oct-97 ** ** **
16-5P 15-Oct-97 ** ** **
16-Srf 15-Oct-97 ** ** **
14-15P 16-Oct-97 ** ** **
14-10P 16-Oct-97 ** ** **
14-5P 16-Oct-97 ** ** **
14-Srf 16-Oct-97 ** ** **
12-15P 16-Oct-97 ** ** **
12-10P 16-Oct-97 0.0184 <0.017 <0.011
14-15P 16-Oct-97 0.0106 <0.017 <0.011
Blank 16-Oct-97 ** ** **
12-5P 16-Oct-97 ** ** **
12-Srf 16-Oct-97 ** ** **
Blank 27-Jul-98 ** ** **
17-15P 28-Jul-98 <0.005 <0.008 0.138
17-5P 28-Jul-98 ** ** **
16-10P 28-Jul-98 0.0732 <0.008 6.66
16-5P 28-Jul-98 ** ** **
15-15P 28-Jul-98 0.0091 <0.008 0.139
15-10P 28-Jul-98 ** ** **
15-5P 28-Jul-98 <0.005 <0.008 1.64
14-15P 28-Jul-98 ** ** **
14-10P 28-Jul-98 0.0138 <0.008 0.157
14-5P 29-Jul-98 ** ** **
17-10P 29-Jul-98 ** ** **
16-15P 29-Jul-98 ** ** **
13-15P 29-Jul-98 0.0083 <0.008 0.143
13-10P 29-Jul-98 ** ** **
Blank 30-Jul-98 <0.005 0.0085 <0.008
12-15P 29-Jul-98 ** ** **
12-15P 29-Jul-98 0.0071 <0.008 0.151
12-10P 29-Jul-98 ** ** **
12-5P 29-Jul-98 ** ** **
Well Date Ti V Zn
1-15P 15-Sep-98 ** ** **
2-15P 15-Sep-98 0.0320 0.0124 0.0082
3-15P 15-Sep-98 ** ** **
3-15P 15-Sep-98 0.0137 0.0136 <0.008
4-15P 15-Sep-98 ** ** **
8-15P 15-Sep-98 0.177 0.0176 0.0957
5-10P 15-Sep-98 ** ** **
5-5P 15-Sep-98 0.0052 <0.008 <0.008
11-10P 15-Sep-98 0.0050 <0.008 0.0082
10-5P 15-Sep-98 ** ** **
10-10P 15-Sep-98 0.0100 <0.008 <0.008
9-5P 15-Sep-98 ** ** **
9-10P 15-Sep-98 0.131 0.0236 0.145
8-5P 15-Sep-98 ** ** **
8-10P 15-Sep-98 0.0627 <0.008 0.0206
7-10P 15-Sep-98 ** ** **
6-10P 15-Sep-98 ** ** **
Blank 8-Oct-98 ** ** **
17-15P 8-Oct-98 <0.005 <0.008 <0.008
17-10P 8-Oct-98 ** ** **
17-5P 8-Oct-98 <0.005 0.0089 3.14
16-15P 8-Oct-98 ** ** **
16-10P 8-Oct-98 0.0386 <0.008 4.78
16-5P 8-Oct-98 ** ** **
16-Surf 8-Oct-98 <0.005 <0.008 0.0631
16-Surf 8-Oct-98 ** ** **
Blank 23-Feb-99 <0.005 <0.008 <0.008
13-10P 23-Feb-99 ** ** **
13-15P 23-Feb-99 0.0200 <0.008 0.0183
13-5P 23-Feb-99 ** ** **
12-5P 23-Feb-99 0.0059 <0.008 0.324
12-10P 23-Feb-99 ** ** **
12-15P 23-Feb-99 0.0183 <0.008 0.0152
16-5P 23-Feb-99 ** ** **
16-10P 23-Feb-99 0.0366 <0.008 3.50
16-15P 23-Feb-99 ** ** **
11-5P 23-Feb-99 0.220 0.0201 0.454
11-10P 23-Feb-99 ** ** **
14-15P 24-Feb-99 <0.005 <0.008 <0.008
14-10P 24-Feb-99 ** ** **
14-5P 24-Feb-99 <0.005 <0.008 3.63
17-5P 24-Feb-99 ** ** **
17-10P 24-Feb-99 ** ** **
17-15P 24-Feb-99 ** ** **
15-5P 24-Feb-99 ** ** **
15-10P 24-Feb-99 ** ** **
15-15P 24-Feb-99 <0.005 <0.008 0.0179
Blank 20-Jul-99 ** ** **
17-15P 20-Jul-99 <0.004 0.0058 <0.009
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Table F-9. (concluded)
Well Date Ti V Zn
9-10P 20-Jul-99 ** ** **
17-5P 20-Jul-99 0.0058 0.0117 5.97
16-15P 20-Jul-99 ** ** **
16-10P 20-Jul-99 0.0880 <0.003 2.17
16-5P 20-Jul-99 ** ** **
10-10P 20-Jul-99 0.0555 0.0085 0.0143
10-10P 20-Jul-99 ** ** **
10-5P 20-Jul-99 ** ** **
15-15P 20-Jul-99 ** ** **
15-10P 20-Jul-99 0.0068 0.0036 0.200
15-5P 20-Jul-99 ** ** **
14-15P 20-Jul-99 0.0198 0.0044 0.0242
14-10P 20-Jul-99 ** ** **
14-5P 20-Jul-99 0.0135 <0.003 3.14
11-10P 20-Jul-99 ** ** **
11-5P 20-Jul-99 0.0151 0.0057 0.0876
12-15P 20-Jul-99 ** ** **
12-10P 20-Jul-99 0.0064 0.0045 <0.009
12-5P 20-Jul-99 ** ** **
13-15P 20-Jul-99 0.0242 0.0080 0.0168
13-10P 20-Jul-99 ** ** **
13-5P 20-Jul-99 ** ** **
17-10P 20-Jul-99 ** ** **
9-5P 20-Jul-99 ** ** **
5-10P 20-Jul-99 ** ** **
5-5P 20-Jul-99 0.109 0.0084 0.234
18-15P 20-Jul-99 ** ** **
18-15P 20-Jul-99 0.0578 0.0106 0.0225
6-5P 21-Jul-99 ** ** **
6-10P 21-Jul-99 0.0160 0.0072 <0.009
7-10P 21-Jul-99 ** ** **
7-5P 21-Jul-99 0.0164 0.0073 0.0213
8-10P 21-Jul-99 ** ** **
8-10P 21-Jul-99 0.0657 0.0084 0.0318
8-5P 21-Jul-99 ** ** **
4-15P 21-Jul-99 0.0378 <0.003 0.0157
3-15P 21-Jul-99 ** ** **
2-15P 21-Jul-99 0.0197 0.0059 <0.009
1-15P 21-Jul-99 ** ** **
17-15P 1-Dec-99 <0.003 <0.009
17-5P 1-Dec-99 ** ** **
17-10P 1-Dec-99 ** ** **
9-5P 1-Dec-99 ** ** **
9-10P 1-Dec-99 <0.004 <0.003 <0.009
9-10P 1-Dec-99 ** ** **
Notes: ** No sample.
Well Date Ti V Zn
16-5P 1-Dec-99 <0.004 <0.003 0.548
16-15P 1-Dec-99 ** ** **
16-10P 1-Dec-99 0.0100 <0.003 5.19
10-10P 1-Dec-99 ** ** **
10-5P 1-Dec-99 0.0060 <0.003 0.0604
13-15P 2-Dec-99 ** ** **
13-10P 2-Dec-99 0.0330 <0.003 <0.009
Blank 1-Dec-99 ** ** **
13-5P 2-Dec-99 <0.004 0.0045 0.293
12-5P 2-Dec-99 ** ** **
12-10P 2-Dec-99 <0.004 <0.003 0.0896
12-15P 2-Dec-99 ** ** **
12-15P 2-Dec-99 <0.004 <0.003 <0.009
14-5P 2-Dec-99 ** ** **
14-10P 2-Dec-99 0.0170 <0.003 0.523
14-15P 2-Dec-99 ** ** **
15-5P 2-Dec-99 <0.004 0.0090 1.14
Blank 2-Dec-99 ** ** **
5-5P 8-Dec-99 0.0090 0.0152 0.0599
5-10P 8-Dec-99 ** ** **
15-10P 2-Dec-99 <0.004 0.0067 0.306
15-15P 2-Dec-99 ** ** **
15-Srf 2-Dec-99 ** ** **
11-5P 2-Dec-99 ** ** **
11-10P 2-Dec-99 ** ** **
6-5P 8-Dec-99 ** ** **
6-10P 8-Dec-99 0.0100 0.0162 <0.009
6-10P 8-Dec-99 ** ** **
8-5P 8-Dec-99 0.0070 <0.003 0.0119
8-10P 8-Dec-99 ** ** **
4-15P 8-Dec-99 0.0360 0.0080 0.0210
3-15P 8-Dec-99 ** ** **
2-15P 8-Dec-99 0.0280 <0.003 <0.009
1-15P 8-Dec-99 ** ** **
18-15P 8-Dec-99 0.0340 <0.003 0.029
18-15P 8-Dec-99 ** ** **
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Appendix G
Results of Leaching Experiments
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Table G-1. Preliminary leaching experiment results (started 16-Nov-98).
Days Al As B Ba Ca Cr Cu Fe K Li Mg
1 0.126 <0.13 0.358 0.006 16.9 0.013 0.024 0.054 <4.69 <0.012 4.33
2 0.102 <0.13 0.180 0.013 20.0 0.022 0.030 0.047 11.3 0.021 5.18
4 0.165 <0.13 0.170 0.015 23.2 0.014 0.028 0.043 <4.69 <0.012 5.93
7 0.103 <0.13 0.177 0.019 30.1 0.019 0.022 0.288 8.56 0.019 7.55
14 0.057 <0.13 0.184 0.023 31.6 0.014 0.019 0.039 13.5 <0.012 8.09
25 0.093 0.15 0.186 0.027 37.7 0.012 0.022 0.023 5.35 <0.012 9.60
25 0.088 <0.13 0.132 0.011 19.0 0.010 0.015 0.023 <4.69 <0.012 4.93
Days Mn Na Ni P S Sb Si Sr V Zn
1 0.070 3.28 <0.024 0.580 5.00 0.102 6.04 0.029 <0.008 0.298
2 0.124 2.27 <0.024 0.400 5.54 0.058 7.44 0.034 0.008 0.417
4 0.195 2.10 0.036 0.481 5.17 0.102 8.19 0.038 <0.008 1.38
7 0.263 2.27 0.040 <0.33 5.49 0.124 9.93 0.050 <0.008 0.746
14 0.296 2.19 <0.024 <0.33 5.82 0.167 11.0 0.055 <0.008 0.478
25 0.485 2.24 <0.024 <0.33 5.72 0.102 12.6 0.065 <0.008 0.448
25 0.155 0.84 <0.024 <0.33 2.21 <0.037 8.89 0.029 <0.008 0.435
Be (0.004), Cd (0.016), Co (0.001), Mo (0.023), Pb (0.075), Se (0.27), Sn (0.07), Ti (0.005) always below
detection.
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Table G-2. Leaching experiment results (started 15-Apr-99; sampled 8-Jun-99).
Core Depthrange (cm) B Ba Ca Cd Co Cr Cu Fe K Li Mg
15-3-1 2-20
0.299 0.200 60.9 0.029 <0.007 0.011 0.057 0.026 12.9 0.048 18.9
0.305 0.251 61.7 0.020 <0.007 <0.005 0.052 0.021 13.4 0.049 19.2
0.284 0.196 60.8 0.024 <0.007 <0.005 0.054 0.015 13.2 0.048 19.0
15-3-1 65-83
0.318 0.156 70.0 <0.011 <0.007 0.007 0.021 0.016 11.3 0.036 22.4
0.311 0.147 69.8 <0.011 <0.007 0.011 0.018 0.017 11.3 0.035 22.3
0.280 0.138 69.7 <0.011 <0.007 0.007 0.023 0.017 12.4 0.035 22.3
15-3-2 15-35
0.277 0.169 72.7 <0.011 <0.007 <0.005 0.015 0.020 10.7 0.028 23.2
0.292 0.166 69.6 <0.011 <0.007 <0.005 0.015 0.020 10.7 0.030 22.3
0.305 0.175 68.7 <0.011 <0.007 0.009 0.016 0.019 11.6 0.033 22.0
12-1-1 0-2
0.277 0.204 65.5 0.027 0.008 0.008 0.063 0.020 15.6 0.046 22.2
0.282 0.215 66.0 0.024 <0.007 <0.005 0.059 0.027 14.8 0.049 22.3
0.216 0.214 65.8 0.021 <0.007 <0.005 0.062 0.013 15.3 0.048 22.2
12-1-1 72-88
0.292 0.152 67.0 <0.011 <0.007 <0.005 0.019 0.016 11.0 0.026 20.9
0.224 0.138 66.0 <0.011 <0.007 0.010 0.023 0.024 11.1 0.036 20.6
0.299 0.158 66.3 <0.011 <0.007 <0.005 0.018 0.018 10.8 0.030 20.7
12-1-2 26-52
0.298 0.162 63.0 <0.011 <0.007 0.005 0.017 0.023 9.26 0.031 21.4
0.296 0.177 64.9 <0.011 <0.007 <0.005 0.014 0.040 10.3 0.043 21.5
0.300 0.182 65.4 <0.011 <0.007 <0.005 0.012 0.016 10.2 0.038 21.6
control
0.174 0.197 40.1 <0.011 <0.007 0.008 <0.009 <0.009 <3.39 <0.028 21.4
0.172 0.170 40.1 <0.011 <0.007 <0.005 <0.009 0.010 <3.39 <0.028 21.4
0.182 0.179 39.4 <0.011 <0.007 0.007 <0.009 <0.009 <3.39 <0.028 21.0
DIW 0.199 0.047 <0.23 <0.011 <0.007 <0.005 <0.009 0.015 <3.39 0.033 <0.03
Core Depthrange (cm) Mn Mo Na P S Sb Si Sr V Zn
15-3-1 2-20
1.11 <0.025 48.9 0.34 20.1 <0.17 16.4 0.169 0.021 0.908
1.13 0.034 49.1 0.46 19.4 <0.17 16.6 0.169 0.021 0.923
1.05 <0.025 49.2 0.62 20.4 <0.17 16.5 0.167 0.024 0.826
15-3-1 65-83
0.649 0.029 48.4 0.96 23.2 <0.17 16.8 0.173 0.021 0.252
0.690 <0.025 47.0 0.85 22.7 <0.17 17.0 0.173 0.021 0.259
0.692 <0.025 47.8 0.89 23.2 <0.17 16.6 0.172 0.017 0.258
15-3-2 15-35
1.42 <0.025 45.8 <0.33 21.0 <0.17 17.8 0.130 0.003 0.258
1.07 <0.025 47.2 <0.33 20.6 <0.17 17.0 0.130 0.008 0.245
0.990 <0.025 45.6 <0.33 21.1 <0.17 17.0 0.130 0.008 0.248
12-1-1 0-2
1.30 <0.025 48.3 0.57 20.1 0.20 16.9 0.183 0.012 0.750
1.26 <0.025 47.4 0.48 21.3 0.17 17.0 0.183 0.018 0.740
1.15 <0.025 47.6 0.71 20.5 <0.17 17.0 0.183 0.012 0.703
12-1-1 72-88
0.626 <0.025 47.0 0.74 19.6 <0.17 17.3 0.169 0.015 0.254
0.758 <0.025 46.5 0.93 19.2 <0.17 16.7 0.169 0.018 0.241
0.585 <0.025 48.0 0.91 19.5 <0.17 17.2 0.169 0.021 0.248
12-1-2 26-52
0.401 0.032 47.0 <0.33 19.3 <0.17 16.7 0.130 0.005 0.240
0.414 <0.025 47.8 <0.33 19.5 <0.17 17.2 0.132 0.003 0.253
0.426 <0.025 47.0 <0.33 18.6 <0.17 17.2 0.132 0.008 0.266
control
0.021 <0.025 48.8 <0.33 16.5 <0.17 0.834 0.028 0.006 0.197
0.037 <0.025 48.4 <0.33 15.8 <0.17 1.29 0.028 <0.003 0.210
0.040 <0.025 47.6 <0.33 15.2 <0.17 1.23 0.028 <0.003 0.191
DIW <0.003 <0.025 1.43 <0.33 0.65 <0.17 <0.014 0.014 <0.003 0.150
Al (0.044), As (0.25), Be (0.003), Ni (0.024), Pb (0.063), Se (0.24), Sn (0.11), Ti (0.004) always below
detection.
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Table G-3. Leaching experiment results (started 30-Sep-99; sampled 24-Nov-99).
Core Depthrange (cm) Al B Ba Ca Cd Co Cr Cu Fe K Li Mg
7-1-1 0-26
<0.044 0.189 0.159 88.8 <0.011 <0.007 <0.005 0.020 0.018 13.5 <0.028 25.6
<0.044 0.194 0.164 88.6 <0.011 <0.007 0.005 0.020 0.020 13.2 <0.028 25.6
0.045 0.192 0.168 89.0 <0.011 0.009 <0.005 0.020 0.025 13.4 <0.028 25.7
7-1-1 71-89
<0.044 0.160 0.181 82.6 <0.011 0.012 <0.005 0.023 0.020 13.6 0.028 23.7
<0.044 0.164 0.185 81.0 <0.011 <0.007 <0.005 0.021 0.018 14.1 0.031 23.2
0.044 0.160 0.169 82.0 <0.011 <0.007 <0.005 0.020 0.017 14.1 0.030 23.5
7-1-2 24-52
<0.044 0.183 0.139 82.6 <0.011 0.008 0.006 0.010 0.026 15.6 0.044 25.6
<0.044 0.175 0.139 82.2 <0.011 <0.007 <0.005 <0.009 0.024 15.0 0.043 25.5
<0.044 0.174 0.138 84.3 <0.011 0.007 0.008 0.011 0.023 15.4 0.045 26.1
13-1-1 2-19
<0.044 0.166 0.221 72.3 0.017 <0.007 0.007 0.024 0.014 14.8 0.036 21.2
<0.044 0.160 0.224 73.3 0.024 <0.007 <0.005 0.023 0.017 13.7 0.033 21.6
<0.044 0.162 0.223 72.7 0.020 <0.007 <0.005 0.019 0.017 13.9 0.035 21.4
13-1-1 2-19
<0.044 0.149 0.227 86.4 0.016 <0.007 <0.005 0.016 0.017 15.0 0.033 22.8
<0.044 0.148 0.218 84.6 0.024 0.009 <0.005 0.019 0.014 15.0 0.035 22.4
<0.044 0.135 0.202 84.3 0.021 <0.007 0.005 0.020 0.016 15.1 0.038 22.2
control <0.044 <0.028 0.136 34.6 <0.011 <0.007 <0.005 <0.009 <0.009 2.62 <0.028 18.6<0.044 0.037 0.135 34.4 <0.011 <0.007 <0.005 <0.009 <0.009 2.33 <0.028 18.5
sparged
control <0.044 0.060 0.151 34.9 <0.011 0.015 <0.005 <0.009 0.014 3.15 <0.028 18.6
Core Depthrange (cm) Mn Na Ni P S Sb Si Sr V Zn
7-1-1 0-26
0.803 210 <0.024 0.745 24.2 0.234 16.8 0.222 <0.003 0.167
0.876 211 <0.024 0.725 24.1 0.365 16.7 0.221 0.005 0.173
0.832 210 0.028 0.549 23.9 <0.17 16.8 0.222 <0.003 0.191
7-1-1 71-89
0.552 210 <0.024 0.446 20.7 <0.17 18.0 0.151 0.005 0.169
0.583 207 <0.024 0.487 20.6 0.391 17.6 0.146 <0.003 0.178
0.521 208 <0.024 0.508 20.6 <0.17 17.8 0.147 0.005 0.201
7-1-2 24-52
0.696 212 <0.024 <0.33 19.8 0.181 14.2 0.110 <0.003 0.145
0.585 210 <0.024 <0.33 20.0 0.365 14.1 0.110 <0.003 0.147
0.719 212 <0.024 <0.33 19.9 0.260 14.4 0.110 <0.003 0.165
13-1-1 2-19
1.05 208 <0.024 <0.33 20.5 0.207 15.1 0.179 0.009 0.276
1.06 208 <0.024 <0.33 20.5 0.181 15.4 0.182 <0.003 0.286
1.10 206 <0.024 <0.33 19.9 0.311 15.2 0.182 <0.003 0.284
13-1-1 2-19
1.09 188 <0.024 <0.33 19.6 0.207 14.5 0.201 <0.003 0.272
1.01 186 <0.024 <0.33 19.5 <0.17 14.1 0.196 <0.003 0.257
1.03 185 <0.024 <0.33 19.1 0.181 14.2 0.194 0.004 0.199
control 0.026 208 <0.024 <0.33 15.4 0.337 0.618 0.021 0.004 0.0560.023 207 <0.024 <0.33 16.2 0.311 0.472 0.020 <0.003 0.057
sparged
control 0.028 192 <0.024 <0.33 15.4 0.259 0.375 0.021 <0.003 0.140
As (0.25), Be (0.003), Mo (0.025), Pb (0.063), Se (0.24), Sn (0.11), Ti (0.004) always below
detection.
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Appendix H
Cation Exchange Capacities
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Table H-1. Cation exchange capacities and pH values of DePue Soils.
Section Interval (cm) pH CEC (meq/100g)
12-1-1 0 - 32 7.2 35.9
12-1-1 72 - 88 7.5 43.9
12-2-4 0 - 45 8.1 37.1
13-1-1 2 - 19 7.7 33.5
13-1-1 75 - 96 7.7 32.4
13-2-4 0 - 44 8.0 21.1
14-2-1 74 - 110 7.5 36.3
14-2-3 35 - 48 7.9 24.4
14-1-4 50 - 67 8.2 58.0
14-1-5 30 - 55 7.9 27.2
15-3-1 20 - 35 7.7 32.2
15-3-1 65 - 83 7.3 38.7
15-3-2 0 - 15 7.6 36.0
16-1-3 28 - 51 7.7 29.5
16-1-1 0 - 12 7.6 30.2
16-1-2 66 - 81 7.3 29.7
16-1-2 3 - 27 7.2 28.6
17-1-1 2 - 24 7.5 33.6
17-1-1 90 - 112 7.1 33.3
17-1-2 56 - 88 7.4 28.9
17-1-3 24 - 50 7.8 28.2
18-2-1 0 - 16.5 7.6 36.2
18-2-1 45 - 87 7.6 37.1
